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Nuclear magnetic resonance studies of platinum, iridium 
and rhodium phosphine hydride complexes are described, along 
with some of their reactions with fluorinated phosphines and 
small simple silyl and germyl molecules. 
Chapter 1 gives an introductory preface to the work 
described in the thesis and Chapter 2 describes the experimental 
details involved. 
Chapter 3 describes the oxidative addition and 
subsequent reductive elimination reactions of H 2Pt(PCyHex 3 ) 2 
towards SiH 4 , H 2S, H 2  Se, HPF 2E (E = 0, S, Se) and HX 
(X = Cl, Br, I). In all of these cases, a transient trihydride 
platinum(IV) species was detected, although all of these 
intermediates evolved hydrogen gas at room temperature, to 
yield isolable solids. Reactions with PF2X (X = HC1, Br) 
provided no new species. The isolated new compounds were then 
reacted with other small molecules within the same group used 
previously; dihydride species were, detected in some cases, 
but these were thermally unstable, releasing the original 
small molecule, first added to the dihydride complex. 
The X-ray crystal structure of HPt(PCy 3 ) 2PF 2S is presented. 
A few reactions of HPtC1(PCy 3 ) 2 are also described. 
Chapter 4 describes the reactions of HIr(C0) (PPh 3 ) 3 
with small fluorinated phosphorus molecules; complex processes 
were detected for the reactions of HPF 2E (E = 0, S, Se) with 
HIr(CO)(PPh 3 ) 3 ; a PF 3 adduct is also described. A novel 
process for transfer of seler'ium in an intramolecular process 
is postulated. The system shows some similarities to the 
reactions of MR 3X (M = Si, Ge; X = H, F, Cl, Br, I) with 
HIr(CO) (PPh3)3. 
OX) 
Chapter 5 describes some of the reactions of 
fluorinated phosphorus compounds and simple silyl and germyl 
compounds with HRh(CO) (PPh 3 ) 3 ; these systems were intended 
as a comparative study against the analogous iridium 
systems, but very few firm conclusions could be made due to 
the high lability of the rhodium species produced. 
None of the compounds from Chapters 4 or 5 were 





The work described in this thesis considers some of the reactions of 
hydrides of Some phosphirie complexes of platinum group metals, and their 
measurement and study by nuclear magnetic spectroscopy. The three 
complexes to be considered are (i) trans dihydrido bis 
(tricyclohexylphosphine) platinum (II), (ii) carbonylhydridobis 
(triphenyiphosphine) iridium (I) and (iii) carbonylhydridobis 
(triphenylphosphine) rhodium (I). The platinum species reacts b 
oxidative addition, in the systems described in this thesis, whilst the 
iridium complex appears to undergo nucleophilic substitution, after an 
initial Lewis acid base neutralisation step. The processes involving 
the rhodium molecule are unclear, but all the evidence obtained here 
and previously suggest an initial predissociation step, which may well 
be followed by oxidative addition. 
Although each section contains its own introduction, several factors 
are common to each of the later results chapters, and these will be 
discussed here. 
Oxidative addition processes to transition metal centres involve an 
increase in the coordination sphere of the metal and a simultaneous 
increase in the oxidation state of the metal. (1) For the d-block 
transition elements, the orbitals most likely to interact with the 
ligands are the outermost d-orbitals; the geometry of these orbitals 
favours symmetrical arrangement of the ligands, and, in the case of d 8 
species, a distorted octahedral field is preferred, namely square 
planar geometry. The oxidative addition of a singly bonded species 
across the metal effectively removes two of the d electrons, to form 
the new metal ligand bonds, and this allows the stable formation of the 
octahedral six-coordinate complex. 
The oxidative addition is usually but not always cis, in the case of 
molecules adding HX, but addition of CI-1 3--I is frequently trans. (2) 
The majority of oxidative additions considered in this thesis involve 
H-X bonds, and thus are considered likely to give, initially, cis 
adducts. 
-2- 
Oxidative addition processes have been the subject of several 
investigations. (3) The major question to be asked in this field is 
which mechanism is to be favoured. The process involves breaking and 
forming bonds at various stages, although it is possible that the 
reaction forms - an activated complex, and that the addend (the incoming 
species) does not formally totally dissociate. Apart from multi-
centred bonded systems, the addend splits into two groups, but this can 
occur either by ion-pair formation or by radical pair formation. 
Certainly the oxidative addition of H 
2 0 2  to Co(CN) 	, (4) a d7 system, 
has been shown to proceed by a radical process, any remaining OH 
radicals reacting with added iodide. Other examples of this pathway 
include the addition of alkyl iodides to Co(CN) 
Iridium (I), as in Vaska's complex (5), however, in certain cases adds 
species by a concerted reaction, presumably via-a nonpolar transition 
state, as in the addition of dioxygen. On the other hand, more polar 
molecules, such as benzyl halides, are thought to involve an SN 2 type 
process, which if not causing total charge separation, certainly 
involves a strong intermediate dipole. The selection of which 
mechanism applies is probably highly dependent on the nature of the 
addend.. This feature probably then has a bearing on the sterochemistry 
of the products, although this statement obviously allows for more than 
one configuration of product from any particular oxidative addition. 
The reverse of this process is reductive elimination, in which the 
metal complex reverts to a four-coordinate d 8 configuration; in such 
cases where reductive elimination follows oxidative addition, the 6-
coordinate intermediate may or may not be detected, depending on the 
stability and lifetime of the 6-coordinate species. In some cases, 
particularly with the platinum system, these intermediates were not 
detected, but their presence was postulated, on the basis of the 
behaviour of similar reactions of related systems. (6) 
Pt(II) is, by quite a margin, the most commonly encountered oxidation 
state of platinum (as for palladium). (7) This state is a d 8 system, 
and thus most complexes have square planar (ie distorted octahedral) 
geometry, as this allows a high energy orbital (5d2 - 2 ) to remain 
unpopulated. This Th feature tends towards high ligand field splittings, 
and a reduction in the energy of the d 
z  2 orbital; thus, the complex is 
diamagnetic, due to the pairing of the electrons in this orbital. 
The higher of the two oxidation states, ie Pt 	is also diamagnetic, 
but the structure of the complexes are close approximations to 
octahedral ideality. 
The covalent radii of Pt 
(II) 
 and Pt 
(IV) 
 arevery similar (they are, 
indeed, identical to within 1 pm), despite the formal charge at the 
nucleus; this is probably due to the shielding effect of the 4f 
electrons, so that the nuclear charge is not 'seen' as strongly by the 
outermost 5d electrons. (8) Both of these states have been designated 
as being soft, as both bind to iodide more strongly than chloride. 
It is, however, quite well known that at moderate temperatures (above 
(Iv) 
240K, or thereabouts), Pt 	complexes often reductively eliminate 
small molecules to yield Pt 	 complexes, although the temperatures at 
which this reductive elimination occurs depends on several factors, and 
varies widely from complex to complex. (9) An example of this, to be 
explained more fully in the platinum chapter, is that of all trans 
H2Pt(H)(SeH)(PCyHex 3 ) 2 as compared with all trans 
H2Pt(H)(SiH3 )(PCyHex3 ) 2 ; the former complex reductively eliminates 
(Iv) 
hydrogen gas below 188K, whilst the latter compound remains as Pt 
for the most part, up to 273K. Steric factors may well be involved 
here, but it is clear that other influences affect the rate and 
possibility of reductive elimination. 
Iridium (I) and rhodium (I) are both d 
8
species, whilst iridium (III) 
and rhodium (III) like platinum (IV) are d 6 species. The relative 
stability of the uni- and tri-valent states for these elements are, 
however, not the same; generally, Rh (I)  is' than Rh 
whilst Ir 	woort Svtt than irW. (10) This may be affected by the 
high lability of rhodium, compared with iridium, but also reflects the 
generalisation that where a transition element has two oxidation states 
differing by two electrons, the'second row element will prefer the 
lower oxidation state, whilst the third row element will prefer the 
higher oxidation state; whilst this statement holds true for most 
(Iv) 	 (II) 
elements, it apparently does not for Pt 	compared with Pt 	. It 
does seem worthwhile comparing these two states, as they are 
isoelectronic with Ir 
(III)  and Ir (I)  
Whilst the true reasons for this apparent discrepancy are not known, it 
may be worth considering some of the factors likely to be involved in 
the stability of varying oxidation states. It seems unlikely that the 
ligands, considering each type of ligand in a group (eg comparing 
different phosphines) have a very variable effect on this feature, as 
the observations tend to apply generally over a range of compounds. 
The relative stability of other oxidation states is not very applicable 
here, and will thus be ignored. 
The oxidation potentials of the states under consideration, although 
not directly applicable in the terms of redox reactions (due to the 
lack of any ionic species, omitting the IrI  cation, which appears 
to be inert to redox reactions), may still be ableto give some sort of 
.1 
indication. Although Ir 
(iii)  is known to ber tD #'I..with respect to 
ir 	than Rh 
II).  is to RhW,  and despite the fact that ionisation 
potentials for Rh+ 
	2+ 	3+ , Rh and Rh have been published, no records have 
been made for the ionisation of iridiumó 	d{orIr. The published 
values for Rh are, for the Rh, Rh 
2+ 
 and Rh 
3+ 
 species 7.46 eV, 18.07 eV 
and 31.05 eV respectively; that given for Ir is 9 eV. (11) One can 
only assume (whether rightly or wrongly), that the second and third 
ionisation potentials for iridium are less than those for rhodium. 
Platinum shows a greater tendency towards tetravalent species than does 
palladium, yet even for platinum, apart from halide and oxide 
complexes, these species seem to be quite small in number, compared to 
the number of divalent complexes. However, the ionisation potentials 
for palladium are very similar to those of platinum, although the value 
for Pd/Pd2 is slightly higher than that for Pt/Pt 2 (19.40 eV as 
against 18.56 eV). (12) 
Thus, it seems that the evidence of the ionisation potentials is 
inconclusive, yet the effect is detected: iridium prefers the higher 
oxidation state, whilst rhodium and platinum prefer the lower. This is 
a general observation, yet a firm conclusive reason for this phenomenon 
has not been proposed. Perhaps one of the most clear-cut illustrations 
of this is to be found in material related to this thesis; consider 
the reactions of H 2 
 S with f-!C1Pt(PEt3 ) 2 as opposed to that of H 2  S with 
ClTr(CO)(PPh3 ) 2 ;.with the former reaction, the initial intermediate 
" formed at low temperature H2Pt(Cl)(SH)(PEt3 )
29 
 on warming, eliminated 
(III) 
dihydrogen to yield (HS)PtC1(PEt3 ) 2 , whilst the initial iridium  
complex was shown to be stable at room temperature as 
H(Cl)Ir(CO)(SH)(PPh3 ) 2 . 	(13) 
The complexes under consideration are all hydrides, and, as is usual 
with the platinum group metals, these are stabllised by the presence of 
tertiary phosphine ligands. The presence of the hydride ligands has a 
profound effect on the species produced, not only in the chemistry, but 
also in their spectroscopic properties. Trialkyl and triaryl 
- phosphines are known to be strong o - donors and quite strong it acceptor 
ligands, thus forming a synergic multiple bond. This arises because 
the lone pair of the phosphorus is located in an axial lobe of 0 type 
character and can interact with unfilled metal p - 0-orbitals, and the 
filled metal d orbitals (d 
xy xz 	yz 
, d and d ) are of the correct symmetry 
to interact with empty7t type 3d orbitals on the phosphorus. The 
removal of electron density from the metal by these metal-to-ligand 
bonds thus reduces electron density in metal-hydride antibonding 
orbitals and stablises the M-H bond. (14) 
Platinum hydrides with phosphine ligands have been recognised since 
1957, (15), when the first complex, trans 
chlorohydridobis(triethylphospine) platinum " HPtC1(PEt3 ) 2 , was 
reported by Chatt, and since then a wide range of molecules of this 
kind has been reported. The majority of these are stable, at ambient 
temperature, as divalent complexes, and many of these undergo oxidative 
addition reactions. There are, however, some of these species which 
prefer to react via exch.nge processes, as in the case of chiorohydrido 
bis (tricyclohexylphosphine) platinum (II), some of whose reactions are 
Mv 
described later in the thesis; it is quite likely, in this case, that 
the high steric constraints about the metal centre appear to be 
sufficient to prevent the close approach of incoming ligands (the 
addends). (16) 
In general, the hydride species usually exhibit high reactivity to a 
wide range of small molecules, from the most polar, as in hydrogen 
chloride, to some quite non-polar molecules, such as silane; in some 
cases, theinitial oxidative addition is complete at 183K. Oddly 
enough, many of the metal hydrides, particularly those of platinum, are 
stable, over long periods of time, to hydrosis or oxidation from 
contact with the atmosphere. 
The platinum hydride considered in this thesis is a dihydride, which is 
correspondingly more reactive than a monohydride; this may be due, in 
part, to the relative electroneutrality of the platinum hydride bond in 
comparison to a platinum halogen bond. This latter would tend to 
withdraw electrons from the metal, and thus reduces the nucleophilic 
nature of the metal, and, assuming that the oxidative addition involves 
electrophilic attack by the addend, would reduce the rate of the 
reaction. Hence, one might expect the platinum dihydride to be more 
reactive than the corresponding hydridohalo molecule. 
The iridium and rhodium complexes were produced and found to be highly 
catalytically active, as offshoots from parallel work on 
carbonyichiorobis (triphenyiphosphine) iridium (I) (17) and its rhodium 
analogue but relatively little work has been done on either of these 
hydride complexes outside the catalytic field. 
The choice of these compounds used for the investigations stems from 
previous work in the research group; the platinum species was used in 
an attempt to observe trihydride intermediates, as no mononuclear Pt IV 
trihydrides had been reported at the outset of the thesis. (18) It 
was also intended to compare the products of the reactions with the 
products from hydrido bis (triethyiphosphine) platinum (II), (19) with 
special reference to steric problems and intermediate stability. 
The iridium complex has been the subject of two major investigations 
(in the strictly non-catalytic field), and this work represents an 
extension of one of these investigations; (21), (22), the rhodium 
complex was selected in an attempt to make comparisons with the iridium 
species and thus to widen the understanding of the processes involved. 
Many of the reactions considered here involve fluorophosphine5 and 
closely related ligands. These small molecules share many of the 
strong bonding characteristics of triorganylphosphines, but have the 
advantage that they provide another route of access to the molecular 
structure - that of ' 9F nmr spectroscopy. The chemistry of 
fluorophosphines in complexes has been the-subject of a wide-ranging 
review, (22); despite the age of the review, the amount of material 
published since the review in transition metal complexes has not been 
very great. The mode of bonding of trifluorophosphe to metals is 
similar to that found in triorganyiphosphines, but, with the strongly 
electron-withdrawing fluorines attached to the phosphorus, the bonding 
is more 7r bond in character. Several of these complexes involve 
pentavalent phosphorus, bound covalently to the metal, so that there is 
less extra electron density on the metal centre due to the ligand, but 
the phosphorus can still accept d-d bond electron density. 
The difluorophosphine halides have been known to react in two modes of 
addition to coordinatively unsaturated transition metal complexes. One 
mode involves direct coordination of the phosphorus lone pair to the 
metal, (23), whilst the other involves cleavage of the phosphorus 
halogen bond (the phosphorus-fluorine bonds remaining intact); both 
these processes have been observed in the same systems, those of 
(CO)IrX(PEt3 ) 2 + PF2Y, where X = Cl,I and Y = Cl, Br or I. In this 
instance , the coordination occurred at low temperature, and the 
oxidative addition followed at a higher temperature; the molecule at 
this stage has a terminal PF 2 ligand, whose phosphorus lone pair has 
been used in the formation of mixed metal bridged species. Whether the 
iridium and rhodium hydride complexes used in this work would be 
capable of coordinating a PF 2X molecule is debatable, certainly, this 
would necessitate the loss of one coordinated ligand, otherwise a 20- 
electron species would result. Coordination of PF2X may be possible to 
the platinum dihydride, although previous work suggests that 
significant steric problems may well be encountered. (9) 
The analysis of the products of the reactions described here involved 
elemental analysis, infrared spectroscopy and X-Ray crystallography, 





 F and 
1
H. Direct observation of 
these nuclei is facilitated by the use of Fourier transform methods, 
which randomise the noise to a low value, and can thus amplify what 
would be normally weak signals. 
Because of the recent advances in computer systems, both in hardware 
and software, the technique.is much more versatile, and many spectra 
which would normally have taken a good deal of effort to be unravelled 
can now be elucidated by using different programs or irradiation 
techniques. The phenomenon of magnetic resonance in certain nuclei has 
been known for about 35 years (25), and 
1  H nmr spectroscopy is 
becoming quite popular in organic chemical industries, but the majority 
of the other suitably spin-active nuclei (ie those with a spin quantum 
number 'I = 1/2) are still generally confined to research establishments. 
Coupling between the different spin active nuclei can indicate the 
oxidation state of the respective nuclei, and their distance apart, in 
terms of number of bonds. Decoupling the protons, or in fact, any 
other chosen nucleus, can greatly simplify spectra obtained from other 
nuclei; this was in fact used extensively for the 31P nmr spectra, and 
l the formalism for this is 
31 
 P 1Y . In some cases in this work, it 
was thought necessary to retain the hydridic resonances whilst 
decoupling the alkyl protons (on the phosphine ligands). This 
experiment is called a selective decoupling irradiation, in which the 
irradiating power (in the proton resonance frequency range) is much 
less than that used in the more frequent P 1H} broad band noise 
decoupling experiment. Selective decoupling experiments can show the 
presence of a hydride, but, because the alkyl resonances are being 
saturated, the coupling to the hydride from the observed nucleus is not 
the true coupling constant. Further decoupling experiments can be used 
to ascertain the relative signs of coupling constants; varying other 
pulse parameters can be used to combat unfavourable relaxation 
phenomena, and various other techniques are now available, but only in 
the realm of pulsed spectra. 
One technique which is worth special mention is that of line narrowing. 
In Fourier transform nmr, the accumulated signal collected by the probe 
is visible as a sinusoidal wave form, because all frequencies are 
monitored simultaneously. The computer takes this waveform, which 
decays exponentially with time, and, transforms it into its component 
frequencies, giving rise to the spectrum. The majority of the 
information is to be found in the first third to one half of the 
waveform (which is usually visible on a cathode ray tube in the 
spectrometer), and the remaining portion represents the noise and much 
weaker peaks. Usually, emphasis is put on the first part of the 
waveform by applying an exponential multiplication factor, which 
roughly parallels the envelope of the waveform, and reduces the noise 
in the transformed spectrum. If, however, after accumulating a large 
enough number of pulses to remove most of the noise, and the 
multiplication factor is reversed, so that the noise end of the 
waveform is preferentially favoured, then the fine detail in the 
spectrum is accentuated, and the line envelopes on the spectrum plot 
are sharper. An example of this is in the iridium chapter (Page163), 
which clarifies the spectrum so that complicated multiplets can be 
unravelled. There is, however, a limit beyond which no line narrowing 
technique would help, in such cases, the parameters remain 
undetermined. 
One aspect of particular importance in the chemistry of square planar 
d8 transition metal complexes is that of the trans-influence and trans 
effect. (26) Of the two phenomena, it is the trans influence (the 
more thermodynamic force) that has greater significanceas far as nmr 
parameters are concerned. The trans-influence affects both the 
chemical shifts and the coupling constants of magnetically active 
nuclei close to the metal centre. Because of the nature of the 
variations caused by the trans-influence, and also in view of the high 
sensitivity of the proton, it is the proton nmr parameters which are 
most strongly affected, specifically, the hydridic nuclei. 
The trans influence causes a strongly deshielding effect on any ligand 
which is trans to a ligand with a high trans influence, and will cause 
the nucleus trans to the latter ligand to resonate at a higher 
frequency than might have been expected (assuming that this ligand has 
a magnetic resonance). Thus, when two hydrides are trans to each 
other, in a symmetric square planar complex, as in the platinum 
material used in this thesis, each hydride (resonating together) appear 
at very high frequency, at 8-3.97, rather than at the more typical 
range of 6-14 to -17. A similar effect would be seen if a phosphine 
were trans to a hydride, but the effect on each would be expected to be 
less, on the phosphine, because it is less sensitive, and the proton, 
because it is trans to a phbsphine, which has a lesser trans influence 
than the hydride. 
The trans influence also modifies coupling constants between the metal 
and the ligand trans to one with a high trans-influence. Because the 
one-bond coupling constant depends, largely, on the s-electron density 
of the bond, the strength of the bond can be directly related to the 
coupling constant. Thus, for a bond trans to a ligand with a high 
trans influence, one would expect a small coupling constant; this is, 
indeed, found to be the case. A fuller description of this effect will 
be found in the introduction to the platinum chapter, as it is that 
section in which the phenomenon most strongly appears. 
The chemical shifts (6 ) of the nuclei in this thesis are quoted in 
p.p.m. with respect to standard reference compounds, and are positive 
to high frequency; coupling constants are measured in Hi.. 
1 	 19 H shifts are measured relative to SiMe 4 ; 	F shifts are measured 
relative to CC1 3F; 31 P shifts are measured relative to 85% H 3PO4 and 
77 Se chemical shifts are measured relative to Me Se. 
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Spectra were run on three instruments, and the point to point accuracy 
of these were all different. Thus, unless state otherwise, couplings 
measured on the FX60 ( 31P) were accurate to 2.4H - r.; couplings measured 
19 31 on the XL100 C F, P) were accurate to 0.9 EL and couplings measured 
on the WH360 ( 1H, 31 P and 
77 
 Se)were accurate to 0.03 H. Likewise, 
the chemical shifts had an accuracy limit; these were: 0.25 ppm on the 
FX60, 0.1 ppm on the XL100 and 0.03 ppm on the Wl-1360. These values 
were based on the spectral width of observations used in the majority 
of cases, and varied when the spectral width was varied. 
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i. Techniques and Instruments 
The volatile reagents were prepared and handled using a standard pyrex 
glass vacuum line, which consisted of separable sections connected by 
standard ground glass joints. The joints were sealed using Apiezon 'L' 
grease and the taps were lubricated with Apiezon 'N' grease. 
The purity of the volatile compounds was verified, in the first 
instance, by infra red vibrational spectrometry, and backed up, when 
necessary, by gaseous molecular weight measurements. The infra red 
cell was 10 cm long and 2 cm in diameter, and the ends were capped with 
KBr crystal discs, cemented to the cell with Apiezon 'W' cement. 
The infra red spectra of the volatile materials were recorded on a 
Perkin Elmer 457 diffraction grating spectrometer, whilst those of air 
sensitive solids were recorded on a Perkin Elmer 557 grating 
diffraction spectrometer using CsI crystal discs in an airtight 
container. These latter samples were prepared in a glove bag with an 
atmosphere of 'White spot' grade nitrogen. 
The 
31
P nmr spectra were recorded, for the most part on a JEOL FX60Q 
Fourier transform spectrometer, whilst a Varian Associates XL100 FT 
spectrometer was used for some 31P spectra and all 19F spectra. 
77 Se and.-remaining 31P spectra were run on a Bruker Spectrospin WH360 
spectrometer. All machines were fitted with low temperature 
facilitites, and all had double rQoriance capability, except for - 19  F 
spectra, where protons could not be decoupled. 
Elemental microanalysis for C and I-I, used for metal starting materials 
and isolable products were recorded on a Perkin Elmer 240 elemental 
analyser. 
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ii. Nmr Experiments 
0.05mMole of metal substrate was weighed into a prepared 5 mm nmr tube, 
which had been extended to a BlO cone, and the extended section of the 
tube had a constriction incorporated to facilitate sealing. The metal 
complex was pumped dry for an hour at room temperature, before 0.5 ml 
of solvent was distilled over and condensed at 77K. The solvent was 
gently thawed and the end of the tube was gently tapped to dissolve as 
much of the complex as possible. The solution was refrozen at 77K 
prior to condensing in the required amount of volatile reactant at 77K. 
In all cases, except where stated otherwise, the reactions were carried 
out on a 1:1 basis, and the solution strengths were about O.11M.. The 
tubes were kept at 77K whilst being sealed, and during storage, until 
being inserted into the precooled probe of the nmr spectrometer, after 
which point measurements were taken. 
Reactions involving the addition of two volatile reagents or two metal 
substrates (in the platinum chapter) required a modified approach. The 




When two volatile compounds were used, the dihydride and the first 
volatile reagent were inserted into the main body of the apparatus, 
with solvent, pumped out whilst frozen, then detached from the vacuum 
line and thawed. The reaction was warmed to room temperature and 
allowed to proceed to completion, and when all effervescence had 
ceased, the solution was decanted, from a small amount of undissolved 
solid, into the side arm and nmr tube. Any materials were washed away 
from the constriction by condensing solvent just above the construction 
(by using a cotton wool pad soaked in liquid nitrogen) and allowing it 
to thaw and wash the material down into the nmr tube. The solution 
contents were frozen down, and the released hydrogen gas was pumped 
away. The second volatile reagent was then added to the tube, the tube 
was sealed off, and treated as above. 
In the cases ini.olving two solid materials, (ie those involving the 
HPtPH2 (PCy3 ) 2 complex), the terminal P1-I 2 complex was prepared in the 
main body of the apparatus, with the dry second metal substrate in the 
nmr tube. After 30 minutes at 209K, the apparatus was removed from the 
line, and the solution was tipped into the bottom of the nmr tube, 
which was kept at 77K, and the tube was sealed off after pumping out. 
iii. Chemical Reagents 
(a) Volatile Reagents: 
These were prepared according to the following methods: 
Hydrogen chloride (HC1) 
Hydrogen bromide (HBr) 
Dehydration of hydrochloric acid 
with sulphuric acid (1) 
Reaction of 1,2,3,4 
tetrahydronapthalene with 
bromine (2) 
Hydrogen iodide (HI) 
	
Dehydration of hydriodic acid 
with phosphoric acid (3) 
Hydrogen sulphide (H2S) 
	
Reaction of 2M H2SO4 with 
ferrous sulphide (1) 
Hydrogen Selenide (H 2Se) 
	
Reaction of 2MH 2SO4 with 
aluminium selenide (1) 
Silane (SiH4 ) 	 Reduction of silicon 
tetrachloride with lithium 
aluminium hydride (1) 
Silyl bromide (SiH3Br) 
Silyl chloride (SiH3C1) 
Methyl ,Silane (CH 3SiH3 ) 
Disilane (Si 2H6 ) 
Disilylsuiphide (SiH 3 ) 2S 
Reaction of phenylsilane with 
hydrogenbromide (4) 
Halide exchange of silyl bromide 
with mercuric chloride (5) 
Sample kindly donated by Mr S D 
Henderson 
Sample kindly donated by Mr S D 
Henderson 
Sample kindly donated by Mr S D 
Henderson 
Germane (GeH4 ) 	 Reduction of germanium dioxide 
by potassium borohydride in 
glacial acetic acid (7) 
Germyl chloride (GeH3C1 
	
Chlorination of germane by 
stannic chloride (8) 
Germyl bromide (GeH3Br) 
	




Germyl iodide (GeH 3I) 
Germyl fluoride (GeH 3F) 
Trichlorosilane(HSiC1 3 ) 
Trifluorosilane (HSiF 3 ) 
Trifluorophosphine (PF 3 ) 
Di fluorophosphine 
chloride 	 (PF2CV) 
Halogen exchange of 
germylchloride by hydrogen 
iodide (10) 
Halogen exchange of 
germylbromide by fresh lead" 
fluoride (11) 
Commercially available, extract 
HC1 by distillation at 153K and 
extract SiCl4 at 210K 
Halogen exchange of 
trichlorsilane with 'lead II 
fluoride (12) 
Halogen exchange of phosphorus 
trichloride with antimony 
trifluoride (13) 
Reaction of difluorophophine 
dimethylamide with a deficit 
of hydrogen chloride (13) 
Di fluorophosphine 
	
Reaction of difluorophosphine 
bromide 
	
(PF2Br) 	dimethylamide with excess 
hydrogen bromide (13) 
Di fluorophosphine 
	
Reaction of difluorophosphine 
iodide 	 (PF2I) 
	
dimethylamide with excess 
hydrogen iodide (13) 
Bis (difluorophosphine) 
oxide 	 ((PF2 ) 20) 
Reaction of bis(tributyltin) 
oxide with difluorophosphine 
bromide (1) 
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Bis(difluorophosphine) 	 Reaction of bis(tributyltin) 
sulphide 	 ((PF2 ) 2S) 	sulphide with difluorophosphine 
bromide (14) 
Bis (difluorophosphine) 
selenide 	 ((PF2 ) 2Se) 
Phosphonic difluoride (HPF 2S) 
Reaction of bis(tributyltin) 




with hydrogen bromide (15) 
Phosphonothioic 	 Reaction of 
difluoride 	 (HPF2S) 	difluorophosphine bromide with 
hydrogen sulphide in the 
presence of mercury (16) 
Phosphonoselenoic 	 Reaction of 
difluoride 	 (HPF2Se) 	difluorophosphine bromide with 
hydrogen selenide in the 
presence of mercury (17) 
Difluorophosphine (HPF 2 ) 
Trimethylsilyiphosphine 
(H2PSiMe3) 
Reaction of difluorophosphine 
iodide with phosphine, in the 
presence of mercury (17) 
Stoichiometric hydrolysis of 
tris ( trimethylsilyl )phosphine 
with water (18) 
Chlorine (Cl 2 ) 	 Commercially available, extract 
hydrogen chloride by 
distillation at 153K and extract 
water by distillation at 227K 
Diborane (B2H6 ) 
	
Sample kindly donated by G M 
Hunter 
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(b) Metal Complexes Used: 
Cis dichioro bis (triethylphosphine) platinum (ii) (c-PtC1 2 (PEt3 ) 2 ) 
(19) 
Formed by the reaction of platinous dichloride with two molar 
equivalents of triethyiphosphine in acetone. 	The stirred 
solution gives a mixture of cis and trans isomers; 	after 
separation, the yellow trans isomer is converted to the cis-form 
in n-hexane with a drop of triethyiphosphine. 
Trans chiorohydrido bis(triethylphosphine)platinum (ii) 
(tHPtcl(PEt3 ) 2 ) (20) 
Formed by the reduction of cis PtCl 2 (PEt3 ) 2 in aqueous suspension 
with hydrazine hydrate. The resulting oil is then recrystallised 
from methanol (after purification) 





 ) (21) 
Formed 	by 	phosphine 	exchange 	of 	t-HPtC1(PEt3 ) 2 	with 
tricyciohexylphosphine (PCy 3 ) in toluene solution at 335K. The 
solvent and triethylphosphine were pumped off after 1 hour of 
reaction, at 403K for 6 hours. The residue was washed with n 
hexane and ethanol. 
Trans dihydrido bis(tricyclohexylphosphine platinum (II) 
(tI-l 2Pt(PCy3 ) 2 (22) 
Formed by the reduced, in refluxed ethanol, of tHPtCl(PCy 3 ) 2 by a 
filtered solution of sodiumborohydride under nitrogen. The solid 
was filtered, after two hours of reaction and washed twice with 
ethanol and twice with methanol. 
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Trans-carbonylchlorobis ( triphenyiphosphine) 
iridium (I) (ClIr(CO)(PPh 3L), Vaska's complex (23) 
Formed by the reaction of iridium trichioride and excess 
triphenyiphosphine in d 	fOr/}itamide, refluxed under nitrogen 
overnight. The yellow crystals were extracted by adding methanol 
and filtering the residue. 
CarbonylhydridotristriphenylphOSphifle iridium (I) 
(HIr(C0)(PPh3 ) 3 ) (24) 
Formed by the reaction of Ir(Cl)(C0)(PPh3 ) 2 , added to boiling 
degassed solution of triphenylphosphine in ethanol, followed by a 
solution of borohydride in ethanol. The filtered solid was then 
dried and kept under vacuum. 
CarbonyihydridotristriphenyiphoSphine rhodium (I) 
(HRh(C0)(PPh3 ) 	(25) 
Formed by the reaction of a solution of rhodium trichioride in 
ethanol added to a boiling solution of triphenylphosphirie in 
ethanol, followed, quickly by gentle addition of formaldehyde 
solution (40%) and potassium hydroxide solution in ethanol. The 
filtered solid was dried and kept under vacuum. 
Silver iodide triethyiphosphine complex (AgI PEt 3 ) 
Sample kindly provided by S D Henderson. 
(c) Solvents Used: 
Acetone commercial grade dried over molecular sieve 
Ethyl alcohol commercial grade dried over molecular sieve 
Methyl alcohol commercial grade dried over molecular sieve 
Toluene commercial grade dried over molecular sieve 
and potassium 








commercial grade dried over molecular sieve 
commercial grade dried over molecular sieve 
commercial grade dried over lithium 
aluminium hydride 
commercial grade dried over sodium wire 
commercial grade dried over sodium wire 
commercial grade as a 67% solution in 
isopropyl alcohol 
-24- 
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CHAPTER 3 
Some Oxidative Addition Reactions of 
H 2Pt(PCyHex3 ) 2 and Some Substitution 
Reactions of HPt(PCyHex3)2C1 
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Some Reactions of H 2Pt(PCyHex 3 ) 2 and HPt(PCyHex 3 ) 221 
	
1. 	Introduction 
The studies of the two title' compounds show that their 
chemistries are rather different, the dihydrido complex (A) 
preferring oxidative addition whilst the hydridochioro 
complex (B) favours nucleophilic substitution. Therefore 
the complexes will be considered separately. 
1.1 	The Reactions of H 2Pt(PCy 3 ) 2 
Previous studies 	have shown that dihydridobis(tri- 
cvclohexylphosphine)platinum (A) oxidatively added species 
of the form MH 3 X (M = Si, Ge; X = H, Cl, CH 3 ) to give, 
initially, a thermally unstable Pt IV  intermediate 
H 3Pt(PCy 3 ) 2MH2 X, which, on warming, released dihydrogen to 
leave HPt(PCy 3 ) 2 MH 2 X, as the thermally stable product. It was 
found that the addition of a second molecule was not 
possible, neither was the addition of any silyl or germyl 
molecule to chlorohydrido-bis (tricyclohexylphosphine)platinum 
(B) possible. This behaviour contrasts markedly with that 
of transhydridochlorobis (triethylphosphine)platinum (C) which 
has been shown to add MH 3 X (M = Si, Ge; X = H, F, Cl, Br, 
I) (2,: 
to give definite products of varying stabilities. 
-26- 
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The general reaction, as shown above, is that of oxidative additic 
followed by reductive elimination. 
Trans hydridohalobis (triethylphosphine)platinum(II) 
(C) (HPtX(PEt 3 ) 2 ) is known to participate in substitution 
reactions in which the halide is exchanged for a group of 
nominally ionic character
(4)  . The products are formed with 
little or no evidence for any Pt species, by way of what is 
assumed to be an anionic pathway, probably involving high 
energy transition states, which may involve five-coordinate 
platinum. The mechanism for this process is not well understood, 
but n.m.r. studies gave little evidence to support any 
intermediates. Apart from simple metathetical reactions with 
anions, systems which have been thoroughly investigated in 
-27- 
this area involve (i) trimethylsilyiphosphine ((CH3)3SiPH2) w 
and (ii) disilylsuiphide ((SiH3)2S) 	. New reactions 
involving these materials will be considered at the end of 
this chapter. 
It is not possible to make a direct comparison of (A) 
with dihydridobis (triethylphosphine)platinum(II), as this 
latter species has only recently been prepared. Moreover, 
(6) unlike (A) , it is air-sensitive 	. The air stability of 
is due to the large cone angle of tricyclohexyiphosphine of 
1700, as opposed to that of triethylphosphine of 132° 	. 
The larger cone angle of tricyclohexyiphosphine distorts the 
P-C skeleton away from sp 3 hybridization towards sp 2 (planar) 
geometry. The lone pair on the phosphorus becomes purer in 
axial ,S-character thus increasing the pa-donor basicity of 
the phosphine. This effect reduces the s-bond character to 
the platinum and thus results in a smaller 1PP8  in (A) and 
compared to (C), and correspondingly the Pt-P bond lengths 
are shorter for (A) and (B) than for (C). The closer, tighter 
structure thus shields the hydrides more effectively than with 
triethyiphosphines from external influences and stabilizes 
the molecule. This added stability may thus render the 
complex rather less reactive than might be normally expected. 
The majority of non-catalytic platinum hydride work 
involving small molecules involves complexes containing a 
metal-bound halogen, which, in most cases, takes an active 
part in the following reactions. Various complications can 
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arise from exchange processes involving these halogens, as was 
demonstrated by Bentham et al (2,3).  With no metal-bound 
halogen present, the reactions are clearer and simplified, 
but should show some difference from the known platinum 
hydridohalobisphosphine species, in that both the hydrides, 
with their high trans influence, will have relatively weaker 
bonds (9) There have been reports of other platinum(II)-
dihydride complexes, stable to oxygen and moisture at room 
temperature, but these complexes also have particularly 
bulky phosphines e.g. H 2Pt(Pi-Pr 3 ) 2 , H2 Pt(PCy 2 Ph) 2 (10) 
Previous investigations into the reactions of complex 
(A) have failed to identify any platinum(IV) six-coordinate 
1 	(1) species by H n.m.r. 	. The platinum hydride bond appears 
to be quite reactive, as, in this case, it will spontaneously 
react with CS (11)  and CHC1 3 . In each case, the 
platinum hydride bond is cleaved, probably passing through 
a transition state. With tri-chioromethane the resulting 
material is complex (B), while with CS 2 , a it-bound ionic 
transition state is reported, which then forms a stable 
complex, HPt(PCy 3 ) 2 C(S)SH. In no case was a definite 
platinum(IV) species detected. Other reported processes 
include the reaction of carbon dioxide and methanol with (A) 
to produce a peracetate complex, HPt(PCy3)200C(0)CH3.CH3OH (12), 
whilst the reaction of (A) with carbon dioxide in benzene 
gives HPt(PCy3)2COOH.6C6H6 (12) 
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Conmiex (A) was one of the first dihydrido platinum(II) 
species to be synthesised (29), but its chemistry remains 
largely uninvestigated. A related series of compounds 
p-H2(Pt(PCy3)2R)2 (13),  where R = SiR3 , GeR, H and R' = alkyl, 
has been synthesised, but most of the reported reactions have 
been of a catalytic nature. A few related clusters have 
been synthesised with carbon monoxide. 
Nuclear magnetic resonance spectroscopy, particularly 
n.m.r., has been the major analytical tool, providing direct 
observation ofthe hydrides, but it is not the only technique 
by which the reactiors of (A) can be monitored. The use of 
31 n.m.r. spectroscopy can easily give a good guide to the 
environment of the metal nucleus, and can, in certain 
circumstances, provide more useful information than the 
n.m.r. spectra. It was usually most convenient to collect 
3lrl P Hi spectra from all the reactions, and to follow up the 
most interesting reactions with 'H and 19 F n.m.r. 
The nature of the reactions dictated the conditions of 
observation, which were that the solutions should be observed 
at low temperature, and with minimal solvent-metal substrate 
reaction. These speculations and conditions of solubility, 
narrowed the choice of solvent to either toluene or 
dichioromethane. As the reactions were carried out, it soon 
became clear that toluene was unsuitable as the solvent. 
The problem was that of solubility at temperatures below 233 K, 
in which range solid material was often observed in the tube. 
This caused a drop in the homogeneity of the solution thus 
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impairing resolution, in some cases to the extent that even 
Fourier Transform 1  H n.m.r. became very difficult. 
Dichioromethane was not ideal, either, due to a side reaction 
in which some of complex (B) was formed, but this usually 
amounted to a small proportion of the final reaction mixture. 
The need to use a low temperature solvent was 
implicit in the postulated mechanism: 
H 
P Cy 3 
Pt 	H + HX - 
183K 
P Cy 3 








X = Cl, Br, I, SH, SeH, SiH 3 , PF2E etc. 
The postulation of the six-coordinated intermediates, of 
which some have been partially identified at low temperature ' 1 , 
suggests an initial oxidative addition followed by a reductive 
elimination. Observation of these intermediates is possible 
only at low temperature, so the solvent must remain liquid 
at -90 °C (183 K). Further evidence to support the proposed 
mechanism comes from a study of some reactions of (A) with 
MH 3X (M = Si, Ge; X = Cl, SiH 3 , H) in which the solutions were 
observed to release a gas, effervescing at low temperatures. 
The gas, originally assumed to be hydrogen on the basis of 
the spectral data, was found, later, to be non-condensible and 
was measured by the Toepler pump method. This effervescence 
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was seen to occur at different temperatures for different 
species (X in diagram above) but complete decomposition of 
the intermediates occurred in every system below room 
temperature. 
The species incorporating a platinum atom were 
immediately distinguishable, by the effect on the 
31  P signal of 
the 33% abundant 195  Ptnucleus. This nucleus has a nuclear 
magnetic spin quantum number of ½, so that roughly one third 
of the molecules of any one platinum-phosphine complex will 
show a wide double tin the 31P{ 1H} spectrum with a coupling 
due to 1 	The remaining two-thirds of the molecules, 
i.e. those with platinum isotopes other than 
195  Pt, will 
exhibit no Pt-P coupling, and will be observed as a singlet 
in the 31P{ 1H} spectrum. The resulting spectrum will thus 
be a wide triplet with a 1:4:1 intensity pattern, a 
distinctive feature of all spectra involving platinum 
chemistry. Another very useful feature of the 31P{ 1H} spectra 
is in the ability to distinguish between Pt(II) and Pt(IV). 
The distinction arises from the phenomenon known as Fermi 
Contact coupling. This factor is postulated to be the major 
contributor to the coupling between two directly-bonded 
nuclei, although the other two mechanisms, spin spin coupling 
and spin orbit coupling, make significant contributions. 
The Fermi contact coupling (8)  depends on the first 
excitation energy of the bond and on the s-electron density 
at the two nuclei involved. In comparing 
1 
 J 	 in complexes 
of Pt(II) and Pt(Iv), the excitation energy of the electrons 
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in the Pt-p bond will be largely unchanged, so the major 
factor determining the size of the coupling constant is 
the s-electron density at the platinum nucleus (assuming that 
the s-electron density at the phosphorus nuclei to remain 
largely unchanged in changing the oxidation state of the 
platinum) . The metal valence orbitals of square-planar 
platinum(II) can be considered as hybrids of (sp 2 d) character, 
whilst those of octahedral platinum(IV) can be taken as 
(sp 3 d2 ) hybrids (14) In going from Pt(II) to Pt(IV), if all 
other factors are unchanged, the proportion of s-character 
in any bond to Pt can be assessed as:- 
% .s character in the (single) bond in Pt IV (octahedral) 	- 16.66 - 2 
% s character in the (single) bond in Pt Ii  (squareplanar) 25.00 	3 
	
In other terms, the J 	 in an octahedral Pt IV complex would.PtP 
be two-thirds of the value if the complex were square planar 
Pt 
The values of J 	 cover a wide range, from less thanPtP 
1000 Hz (15) to well in excess of 9,000 HZ 16 , although more 
typical limits of 1,500 Hz to 4,500 Hz would cover a large 
majority of cases. The factors affecting the value of 
are many and various, but a major factor is the strength of 
the PtP bond. The bond strengths, in octahedral and square 
planar complexes, of the metal atom to the ligands are highly 
dependent on the nature of the ligands trans to the ligands in 
question. Ligands can be arranged in series, according to the 
way in which they modify the properties of the trans bond. 
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Two factors are involved here, the trans-effect and the 
trans-influence (9)  . The former can be regarded as a kinetic 
parameter, whereas the latter is thermodynamic in nature. 
The strength of a bond is not directly related to its 
lability, and thus the trans effect bears little relevance 
to the bond strength. The trans influence is directly related 
to the strength of the trans bond, as measured by such propertie 
as bond length. A series has been derived9 , with respect 
to the magnitude of the trans-influence, for several species. 
Unfortunately, the series are not identical for different 
metal centres, but hydride (H) and a-bonded carbon are 
known to have very high trans-influences in every series, with 
tertiary alkyl phosphines being only slightly less potent. 
Halide ions tend to have relatively weak trans influences, and 
thus, in the case where a halide is trans to a different type 
of ligand, such as a tertiary phosphine, then it is the metal 
halide bond which is affected, being weakened and lengthened. 
This is reflected in the one-bond coupling of ligands to the 
metal (providing that both nuclei have magnetically active 
isotopes) , as in the table below for tHPtX(PCy 3 ) 2 
P tH 	
1296 	866 	794 	528 
X 	 Cl 	GeH3 	H 	SiH3 
The reduction in 
1 
 1 	 follows the trans influence of X, andPtH 
shows silicon and germanium behaving like a-bound carbon. 
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There are three differing theories connected with the 
origin of the trans-influence. The first of these, by 
GflSberg, is based on an electrostatic polarization of charges, 
which transmits the charge separation, caused by one ligand, 
through the metal's sphere of electrons to the trans ligand. 
This theory is, however, unsatisfactory for covalent or 
coordination bonds. A second, rather more suitable theory was 
put forward by Syrkin. This uses hybridized orbitals. For 
a square-planar third row transition element (e.g. platinum) 
the orbitals considered would be 5dx2_y2  with 6s, and 
6p x  with 6
p  with the latter hybrids lying at higher energy 
than the former. If the metal was considered to form a strong 
covalent bond with the ligand, then that bond would be assumed 
to contain more of the 5d-6s hybrid and less of the 6p x 
and 6p hybrid. The lower energy (s-d) hybrid relates 
diametrically opposite ligands, and thus a strongly bonding 
ligand will dominate the orbital, at the expense of the 
weakened trans metal-ligand bond. 
A more modern theory involves metal to ligand back-bonding 
using ir-type orbitals. Thus, where an element bound to the 
metal has d orbitals to accept back donation, a large trans 
influence is possible. The theory is not complete, as a 
mechanism to explain the high trans-influence of hydride and 




2. 	Some 'of the reactions of trans -dihy'drobis'('tricyclo- 
hexylphosphine)platinum(II) 
2.1 	' The reactions of H 2 Pt(PCy 3 ) 2 with hydrogen halides 
• 2.1.1 	Earlier Work 
A previous study of the reactions of hydrogen halides 
with platinum phosphine hydride complexes has been carried out. 
The metal substrates were the halohydrobis(triethylphosphine)- 
platinum(II) complexes (17) This investigation showed that 
the reactions were quite complex, but the first step in all 
cases was the oxidative addition of H-X across platinum. 
As the reaction tubes were warmed, several rearrangement process 
were observed, producing di-, tn- and tetra-halide species. 
Some of the dihalide species were dihydrides, but no 
trihydrides. were detected. 
The dihydrido -isodihalo--bis (triethylphosphine)platinum(II) 
complexes (i.e. H 2 PtC1 2 (PEt 3 ) 2 , H 2 PtBr2 (PEt 3 ) 2 and 
H2PtI 2 (PEt 3 ) 2 ) were formed at very low temperatures (183 K), 
but were observed to reductively eliminate hydrogen gas 
irreversibly at room temperature. If the platinum(IV) 
bromide and chloride complexes were isolated at low 
temperature (253 K), white solids were obtained, and 
were characterised by elemental analysis. The di-iodide was toc 
unstable for analysis. If the two halogens involved in the 
reaction were not the same, a scrambling process was detected, 
in which a roughly statistical distribution of the three 
possible products resulted. The identities of the products 
were determined by 1H, 31P and 
195  Ptn.m.r. spectra. 
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PEt 3 
HX + H—Pt—Y - 
PEt 3 
X,Y = halogens 
PEt3 
 z 	if H—Pt___ X=Y 
253-273K 







+ ½ H—Pt--Y 
H'I 
PEt 3 
Both these species (above) subsequently 
eliminate H 2 . 
2.1 -.2 Work with dihydridobis (tricyclohexyiphosphine) 
Platinum(II) 
The major difference between the reactions noted above 
and the reactions with the dihydride is the absence of a metal-
bound halogen at the metal centre. This feature excludes the 
potential problems of a scrambling system. 
A major difficulty encountered in working with 
tricyclohexyiphosphine platinum complexes was that of 
solubility, particularly at low temperatures. The starting 
material was only appreciably soluble, at the working 
concentrations of 0.05 m mole per 0.5 cm  of solvent, 
i.e. 0.1 molarity, in dichioromethane, but the solubility of 
the dihydride fell as the temperature was lowered. 
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In common with other platinum-phoshine reactions 
involving oxidative addition, the platinum(IV) complexes 
are rather less soluble than the platinum(II) complexes 
(after reductive elimination). Thus, the low temperature 
spectra of this system will be of poorer quality than those 
of the system at room temperature. Attempts were made to 
observe the hydride resonances at low temperature, using a 
continuous wave spectrometer, but the peaks tended to be 
poorly defined, and, in some cases, indistinguishable from 
the baseline 'noise'. 
Facilities to observe proton spectra resonances using 
Fourier Transform techniques became available only towards 
the later stages of this work, and thus only a few H spectra 
were taken. 
As mentioned above, it is quite straightforward to be 
able to distinguish between analogous Pt(II) and Pt(IV) 
complexes from the proton decoupled phosphorus spectra 
( 31P{ 1H}), the 
1  1 	 coupling for platinum(II) beingPtP 
approximately one and a half times the magnitude of the 
platinum(IV) coupling. 
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2.1.3 	The spectra 
The 31P{ 1U} spectra were taken at various temperatures 
from 183 1< up to 300 K. The general appearance of the spectra 
at a particular temperature was very similar for the three 
hydrogen halides. The initial reaction occurred as soon as 
the solvent melted, as there was no signal due to the 
platinuxn(II)dihydride visible in the initial spectra. The 
overall reaction was complete by the time the systems were 
at -30°C, as no further change in the spectra was detected. 
The 31P spectra taken at the lowest temperature (183 K) 
showed that the major species present had phosphines attached 
to a six-coordinate platinum(IV) nucleus, identified as such 
by the 1 J 	 coupling of "1700 Hz (in comparison to that ofPtP 
the starting material of Q800 Hz). A second platinum 
phosphine species was detected at the lower temperatures 
(below 213 K) with a 
1  J 	of 2700-2800 Hz, which remained in PtP 
all subsequent spectra, and was in fact the final product, 
PtH(PCy 3 ) 	halohydrobis (tricyclohexylphosphine)platinum(II) 
species. On the addition of excess hydrogen halide, it was 
found that a small amount of a platinum(IV) species was 
present at room temperature. As the signal for this new 
species was not visible either at very low temperatures or 
when the metal substrate was in excess, the conclusion was 
taken that the new signal was due to dihalodihydrido- 
bis (tricyclohexylphosphine)platinum(IV). 
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2 	 31 Attempts to observe HP by observing the P n.m.r. 
spectra without decoupling were unsuccessful, as the peaks 
invariably broadened to such an extent that no resolution 
was possible. 
The proton spectra could provide very little information 
if observed via continuous wave methods. The major problem 
was rather high levels of noise and poor resolution, both 
symptoms arising from the low solubility of the six-
coordinated intermediates. This diagnosis was justified on 
the basis that the resolution of the spectra improved 
markedly above 263 K, and, if subsequently recooled, the 
resolution was only slightly affected. The Fourier transform 
method of observation was thus used to observe the system at 
low temperature. The spectra showed an intense broad 
resonance between 51 and 62.5, which. was assigned to the 
cyclohexyl protons. All remaining resonances were assigned to 
platinum hydrides. One rather disappointing feature was the 
inability to observe the trans hydride resonances in the 
six-coordinate platinum(IV) species. This arose from a 
shift to high frequency of the trans hydride resonances of 
the starting material on oxidative addition of the hydrogen 
halide. The resonance for the dihydridobis(tricy(;lo-
hexylphosphine)platinum(II) hydrides occurs at 5-2.1 
(a high value for Pt-H, due, presumably, to the high trans-
influence of the trans-hydride ligand) , and, on coordination 
of the addend, the resonance shifts so that it coincides with 
the alkyl regions and is thus obscured. The identity of the 
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products could, however, be deduced from the visible hydride 
resonances. These occurred at low frequency, corresponding 
to 6-15 to 6-17. Apart from the large negative value of 6 
for these resonances, the observed couplings define the 
resonances as characteristic metal hydrides. As in the 
case of many of these reactions, the trihydride intermediates 
were thermally very unstable. The hydride resonances observed 
with a typical 1PtH 
 corresponding to platinum(IV), may well 
be dihydridodihalo species, although it is presumed that 
the species observed in 31P as Pt(IV) molecules, at the 
lowest temperatures, were trihydrides. It is hard to 
distinguish between PtH 3 (PCy 3 ) 2 X and H2PtX2 (PCy 3 ) 2 without 
being able to observe the region in the 
1H spectrum where 
resonances for 1H trans to 1H would be expected. The 
proton resonances to low frequency, when well resolved, showed 
as sharp triplets with narrow coupling, with 
195  Ptsatellites 
exhibiting a large 1  1 	 The narrow triplet splitting wasPtH 
attributed to cis The oxidation state of the platinum 
was easily discerned from the size of the coupling constants, 
those forPt(IV) being rather smaller than those for Pt(II). 
The spectra obtained from continuous wave measurements 
were rather noisy and the peaks were ill-defined. However, 
it was possible to sharpen the resonances by applying decoupling 
frequencies corresponding to 




1H} spectra, it is clear that. the inter-
mediates formed are unstable, even at 183 K. Clear evidence 
that the eliminated species was hydrogen was given by the 
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I 
observation that anon-condensible gas was produced in 
equimolar ratio to the amount of dihydridobis(tricyclo-
hexyiphosphine) platinum(II) used. 
Attempts to obtain information with respect to the 
stereochemistry of the addition and subsequent elimination 
processes involved were rather disappointing. The synthesis 
of the mono deuteriated metal complex (t-HDPt(PCy 3 ) 2 ) from 
HPtC1(PCy 3 ) 2 and sodium borodeuteride in h6 ethanol was 
unsuccessful. If, however, C 2 H5 OD were used in conjunction 
with NaBD 4 , one expects to obtain the monodeuteriated complex. 
Further investigation of this aspect was not attempted, as 
reaction of the platinum(II)dihydride with deuterium chloride 
gave products with an undetectable 2  D signal. It is 
possible that exchange processes such as:- 
[DI 	+ HQ 	. ' 	[H] 	+ DQ; Q = [PtH(PR 3 ) 2 ], [XI 
were occurring, but nothing can be said for certain. 
Although new signals were detected, the overall results 
from this section were rather disappointing. To improve the 
observing techniques, it may be that a new solvent needs to 
be found, preferably with a lower freezing point (probably 
about 123 K), yet still behaving inertly towards the 
dihydride complex. Should such a solvent become available, 
then higher proportions of the intermediates would give 
clearer results. The problem of the coincidence of the 
trans dihydride and the ligand alkyl proton resonance still 
remains a major stumbling block. 
-42- 
TABLE 2.1 
Nmr parameters for the reactions of HX with H 2Pt (PCy 2 
(X = Cl, BR, I) 
S'p H € TH 
1
J1 PH PH 
2 
H2Pt(H) 1 (Cl)(PCy3 ) 2 30.7 -15.1 -0.4 1770 n. r. 12 12 
H2Pt(H) 1 (Br)(PCy3 ) 2 27.1 -17.4 n. o. 1757 1126 12 n. o. 
l-i 2Pt(H) 1 (I)(PCy3 ) 2 27.5 -15.9 n.o. 1711 n.o. 12 n.o. 
HPtC1(PCy3 ) 2 38.1 -18.7 n.o. 2770 1296 13 n.a. 
HPtBr(PCy3 ) 2 37.6 -17.5 n.o. 2767 1341 12 n.a. 
HPtI(PCy3 ) 2 36.4 -17.0 n.o. 2734 1515 12 n.a. 
I-i2Pt(PCy3 ) 2 	- 50.4 n.a. -3.2 2780 792 n.a. 17 
(PtH1 ) 
Values given in ppm, 	
31 P 
correct to 0.2 ppm; 1 H correct to ± O.lppm 
ppm. 
J Values given in ppm, correct to ± 2 H. 
n.o. Not observed 
n.r. Not recorded 
n.a. Not applicable. 
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The hydride spectra in this section, and to some extent 
in other parts of this chapter, do not unambiguously 
identify the initial intermediates detected as trihydride 
species. It had been suggested that decoupling experiments, 
using 'off-resonance' techniques, would give more 
information. Unfortunately, although these were attempted, 
no conclusive deductions could be drawn, as the only effect 
on the 31P{ 1F1} spectra was to slightly broaden the peaks. 
Mother aspect to solving the particular problem 
195 
(see page 45 ), was to observe 	Pt n.m.r. spectra. These 
were not attempted, due to two major objections: 
(i) the concentration of material in the tube was very low 
(0.1 molar), and (ii) the low solubility of the trihydrides, 
at the necessary temperatures,would prevent good spectra. 
These, in conjunction with the low sensitivity of 
195  Pt, 
would provide great difficulties in obtaining meaningful 
results. 
2.2 	The Reactions of H 2Pt(PCyHex 3 ) 2 with H 2  S and H 2 Se 
2.2.1 
Previous work has shown that it is possible to add 
H 2  and H2 
 Seacross Pt(II) phosphine complexes '18 . 
Although H 2  S did not react quickly, MSH and MSeH moieties 
were formed. As described in the previous section, the 
addends involved are acidic, though rather less so than 
the hydrogen halides. Even so, addition may be expected to 
provide new Pt(IV) species. These intermediates proved to be 
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rather less soluble than those found in the preceding section 
and thus the 1H spectra recorded were of poorish quality. 
The intermediate in the reaction with H 2 Se, i.e. H 3Pt(PCy 3 ) 2 SeH 
was particularly unstable, releasing hydrogen at temperatures 
below 183 K. It could only be detected by 31P n.m.r. 
spectroscopy in very low concentrations, the 1H spectra 
showing no trace of the molecule. 
2.2.2 The spectra 
31 
The P{ 
1H} spectra showed that, from the very lowest 
temperatures, none of the dihydride starting material was 
present, implying that the oxidative addition process 
was rapid and complete on thawing the solvent. In the sulphur 
case, the signals from the starting material were replaced by 
those due to a platinum complex, with a 1  1 	 of 1860 Hz,PtP 
indicating that the metal was six-coordinate, which was 
presumed to be H 3Pt(PCy 3 ) 2 SH. 
As the solution containing the hydrosulphide complex 
was allowed to warm, the signals from the six-coordinate 
complex diminished; a new signal, again with 
195Pt satellites 
appeared and increased at the expense of that due to the 
Pt(IV) species. The appearance and subsequent increase of 
peaks due to the new species, which, from 
1 
 1 	 of 2735 HzPtP 
was a Pt(II) molecule, was assigned the formula HPt(PCyHex 3 ) 2 SH 
and coincided with the evolution of a non-condensible gas, 
which was presumed to be hydrogen. 
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The 31  P spectra of the H 2  Sesystem were similar, 
except that the initial product was thermally very unstable. 
The 'H n.m.r. spectra, whilst providing most of the 
required data, were of comparatively poor quality. 
Consequently, it was impossible to observe the selenium 
satellites in the reaction with hydrogen selenide. The 
poor quality ias, presumably, due to the low solubility of 
the tricyclohexyiphosphine complexes (in comparison to the 
triethyiphosphine complexes). The six-coordinate trihydride 
intermediate in the hydrogen selenide reaction was known to be 
very unstable, and thus was not detected in the 1H n.m.r. 
The signals observed from the solution were assigned to 
only one complex: HPt(PCy 3 ) 2 SeH. 
The spectra showed resonances very close to the positions 
previously recorded from the analogous triethyl phosphine 
systems. Apart from the complex intense signal between 
60.4 and 62.6, assigned to the phosphine ligand protons, 
the spectra comprised several triplets to low frequency. 
Generally, these could be separated into two groups: 
(i) those bound to the chalcogen, resonating to high 
frequency of 6-7 and (ii) those bound to the metal, 
resonating to low frequency of 6-7. 
All signals in the metal hydride region showed coupling 
to 195 	with the typical 1:4:1 intensity pattern. Each 
line showed a further small triplet coupling, which was 
assigned to 	No further splittings were visible. 
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TABLE 2.2 
Nmr parameters for the reaction of H 2S and Se with H2Pt(PCy 2 
S31p 	 &1-1 , 	1j 
H2PtH'(SH)(PCy3 ) 2 	33.8 -11.96 -1.46 1860 	1010 	13 
H2PtH1 (SeH)(PCy3 ) 2 	32.6 	n.o. 	n.o. 1853 	n.o. 	n.o. 
HPt(SH) (PCy 3 ) 2 	35.9 -9.90 	 2735 	652 	12 
l-IPt(SeH)(PCy 3 ) 2 	36.4 -11.83 	2715 	1080 	11.0 
Note the apparent interchange of 
1 
 JPtH between Pt 
II  and Pt IV  
hydrosuiphides. 
No signals assignable to SH or SeH. 
Values given in ppm, 31P correct to 0.1 ppm, 
1 
 H correct to ± 0.02 
ppm. 
J Values given in H correct to ± 2 H. 
n.o. Not observed 
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We have not been able to detect 3HH  in dihydride complexes 
of six-coordinate platinum. 
The parameters for these species are very similar to 
those from the analogous triethyiphosphine complexes of 
platinum. The one novel complex is trishydrido(hydrogen-
sulphido)bis (tricyclohexylphosphine)platinum(IV), in that 
this species is a recognisable Pt(IV) complex with more 
than one Pt-H bond. This contrasts with the previously 
reported study of platinum-hydrogen sulphide-phosphine 
complexes, in which, despite several attempts to synthesise 
a Pt(Iv) species with a hydrogen sulphide ligand, only a 
very small quantity of a Pt(IV) species was detected, which 
was not fully characterised. 
2.2.3 	Discussion 
A direct comparison of the proton n.m.r. spectra of 
the tricyclohexyiphosphine platinum(IV) species produced 
in this section was not possible, due to lack of proton data 
from H 3Pt(PCy 3 ) 2SeH, as this species proved to be particularly 
thermally sensitive. Only a very small amount (about 5% 
of the platinum species) of this material was detected in 
31 P n.m.r. at 183 K. 
The two reactions in this section (i.e. with hydrogen 
sulphide and hydrogen selenide) showed a large difference in 
the rates of decomposition of the Pt(IV) intermediates. 
It would be very hard to pin-point the cause of the 
observed effect, but factors likely to influence the rate Of 
-48- 
reductive elimination of hydrogen gas include steric differences 
between sulphur and selenium, their relative trans influences, 
their softness or hardness and their bond strengths to 
platinum. 
Attempts to add a second molecule of H 2  E to 
HPt(PCy 3 ) 2EH (E = S, Se) were unsuccessful, as no new 
resonances were detected and no more than one mole of 
hydrogen gas was produced from each mole of the dihydride Pt(II) 
used. This behaviour contrasts strongly with that of 
trans hydrido(hydrogen selenide)bis (triethylphosphine)-
platinum(II) which gave c,c,t H 2Pt(SeH) 2 (PEt 3 ) 2 as a low 
temperature intermediate with H 2 Se 	it was also shown 
that t-(HE) 2Pt(PEt 3 ) 2 (E = S, Se) could be synthesised from 
t-Cl 2Pt(pEt 3 ) 2 with NaEH in excess. 
The complexes HPt(PEt 3 ) 2EH and HPt(PCy 3 ) 2EH (E = S or Se) 
differ by the alkyl groups on the phosphine. This change 
is enough to impart atmospheric stability to the 
tricyclohexylphosphine complexes, as the isolated solids from 
the reactions remained unchanged after several months at 
room temperature, open to the atmosphere. This is a 
prominent change of behaviour in comparison to the triethyl-
phosphine analogues, as these latter decompose on contact 
with oxygen and moisture (although the complexes are 
indefinitely stable in vacuo). 
The difference in atmospheric stability is almost 
certainly related to the bulk of the tricyclohexyiphosphine 
ligands, but these do not prevent other reactions of 
these, complexes (see Section 3.3). 
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2.3 	The Reactions of HPF 2E with H 2'Pt(PCy3 ) 2 [E 	O,S,Se] 
2.3.1 Preliminary 
There have been relatively few reported studies of the 
reactions of transition metal complexes with HPF 2E. The 
majority of complexes obtained incorporating a PF 2 (E) group 
have been synthesised by using PF2OR 
(19)  (R = alkyl), in 
which the originally trivalent phosphorus rearranges, after 
cleavage of the 0-C bond, via the Michaelis-Arbuz.ov 
rearrangement to give a PF 2 (0) group, with a pentavalent 
phosphorus atom. A few complexes were produced in which a 
PF2 (S) ligand was formed, from the reactions of Vaska's 
complex (carbonyiha lob is (tripheny1phosphine)iridium(I)) with 
SPF2 X (X = Br, Cl) (20) 	In this latter study, the analytical 
techniques used were elemental microanalysis and infra-red 
vibrational spectroscopy. The insolubility of the resulting 
products precluded the use of high resolution n.m.r. 
spectroscopy, which might have been of great help in 
comparison of the present and other studies. The stereochemistr 
of the products obtained in the earlier work was deduced from 
the carbonyl stretchfrequency as each reaction potentially 
capable of giving more than one isomer did so. 
Cl 	PPi \ / 3 













N3 P I ZN Br Cl 
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The major assumption in the analysis was that the triaryl 
phosphines remained trans. This point may be in doubt (see 
e.g. the iridium work in this thesis), but a parallel study 
using carbonyihalobis (diphenylmethylphoSPhifle) iridiuxn(I) 
gave solutions whose 1H n.m.r. spectra indicated trans 
phosphines. It may be possible to dissolve the triphenyl 
phosphine analogues in mixed solvents, in which, case, n.m.r. 
spectra would be available. 
This early study also reported the reaction of 
Na[n 5 -05H 5 Fe(CO) 2 J with SPF 2Br, and the product was assigned 
the structure q 5 -0 5H 5 Fe(CO) 2P(S)F2 , rather than 
n 5 -05H5 Fe(CO) 2 SPF 2 on the basis of the 31P and 19 F n.m.r. 
parameters. 
The only. reported reactions of platinum complexes with 
HPF2 (E) were with t-HPt(PEt 3 ) 2 X (X = Cl, Br, I) and 
YPt(PEt3 ) 3 BPh 4 (Y = H, Cl, I)(21). The reaction of HPF 2E 
with HPt(PEt 3 ) 2 X was complex, depending on the ratio of 
reactants used. The reactions are shown in the scheme 
below. It was observed that three new species were formed, 
and that rearrangements occurring in the reactions produced 
six-coordinate platinum(IV) species that had been made 
before ((D) below). The complex XPt(PEt 3 ) 2 (PF 2Y) remains 
as a final product, as HX produced from the reaction can 
oxidatively add across HPt(PEt 3 ) 2 PFY reversibly, whereas the 
reductive elimination of hydrogen from (C) (below) was found 
to be irreversible. The production. of hydrogen gas was found 
to be quantitative with respect to the amount of the original 
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[X = Cl, Br, I; Y = S, Se] 
Processes (A) and (B) are rapid; only trace amounts of (C) 
were detected. 
If HPF 2Y was used in a 4:1 proportion (a three-fold 
excess) to the amount of platinum complex taken (rather 
than the 1:1 stoicheiometric process as described above), 
then differentiation between HPF 2S and HPF 2Se was detected 
in their behaviour. With an excess of HPF 2S, no new 
complexes were formed, nor were any new processes detected. 
An excess of HPF2Se, however, provided both novel reactions 
and novel species, the same new Pt(IV) species being formed 
at 203 K, even when different halogens were used; this, in 
light of the n.m.r.. parameters led to its formulation as 





the reaction of HPF 2Se with t-HPt(PEt 3 ) 2 PF2Se. This new 
Pt(IV) species was thermally unstable above 233 K, 
reductively eliminating HPF 2Se rather than hydrogen. The 
reaction then proceeded as with the 1:1 reaction, giving 
the same final products. 
The reactions of [XPt(PEt 3 )] [BPh 4 ] (where X = H, Cl, I) 
with HPF2E (E = S, Se) gave Pt(IV) six-coordinate inter-
mediates by oxidative addition. The products of reductive 
elimination from the intermediates gave XPt(PEt 3 ) 2 PF2E, 
rather than XPt(PEt 3 )PF2E (or [F 2P(E)Pt(PEt 3 ) 3 ]X). 
The eliminated phosphonium salt, HPEt 3 BPh 4 proved to be 
inseparable from the Pt(II) complexes, thus preventing 
successful isolation of the products. 
The new work: Reactions of HPF 2E [E = 0, S, Se] with 
-2' (PCy32_ 
2.3.2 
The absence of halogen bound to platinum in H 2Pt(PCy 3 ) 2 
makes the reactions in this section simpler than those in the 
previous study (if the general reaction pathways are the same 
as the above). As with the other reactions of the dihydride 
Pt(II) species, the oxidative addition of HPF 2E was complete 
at 183 K. This contrastTs with the reactions of HPt(PEt 3 ) 2 X, 
where the processes did not start until the solution had been 
warmed to 233 K. This general observation may be due to the 
greater electron density at the H 2 Pt(PCy 3 ) 2 centre, in comparison 
to HPtX(PEt 3 ) 2 , implying an electrophilic nature to the reactior 
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The 31P{ 1H} spectra showed two groups of signals, the 
high frequency signals being due to the PF 2E groups and 
the low frequency peaks to the alkyl phosphine resonances. 
No signal due to the dihydride Pt(II) complex was detected 
at any stage of the reaction and, at no stage of the process 
was the initial product, assumed to be a trihydride, the 
only species present. 
The low frequency signals showed two intense narrow 
doublets, each exhibiting 
195Pt satellites with wide 
The signals were not due to the same species, but 
they overlapped to give a rather lop-sided pseudo-triplet. 
The two signals were due to a four-coordinate Pt(II) species 
and a six-coordinate Pt(IV) species, determined as such from 
the values of 
The high frequency resonances showed two signals when 
E = S or Se, and one when E = 0. All peaks showed a wide 
1:2:1 triplet (from 1  1 pF  with a further narrow triplet 
coupling, of the same magnitude as the doublet coupling in 
the PR  region, thus identifying itself as 
2 
 1 PP(cis)* 
 These 
high frequency signals also showed 
195Pt satellites. Some 
of the 195  Ptsatellite signals in this region were so weak, 
that they could hardly be detected. 
The signals from the Pt(IV) species were attributed 
to H 3Pt(PCy 3 ) 2 (PF 2E), and those from the Pt(II) species to 
HPt(PCy3 ) 2 PF 2E. The observed patterns are consistent 
with these assignments and further confirmatory evidence from 
and 19 F spectra is given below. The high frequency 
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resonance from H 3Pt(PCy 3 ) 2 PF 20 could not be detected from 
the noise as the samples became less soluble as the solutions 
were aged, although the Pt(II) species was markedly more 
soluble. This observation correlates well with other 
systems involving Pt(IV) -Pt(II) systems. 
The reaction can be thus postulated:- 
PCy 3 
HPF2E + H—Pt—H 
P Cy 3 




P Cy 3 
183 	H 
243 K 
P Cy 3 
Pt—PF2 ] 
PCy 3 + H. 
As the samples were warmed, the signals due to the Pt(IV) 
species lessened and finally disappeared at 'i.243 K. After 
this stage, no further change in the spectra was detected, 
and the only species remaining was the Pt(II) derivative 
complex. The selenium Pt(IV) complex appeared to be rather 
less stable towards warming than either the sulphur or the 
oxygen analogue, decomposing above 273 K. Further warming 
of the platinum(II) species [t-HPt(PCy 3 ) 2PF2EI caused no 
decomposition. Thus, these complexes were stable at room 
temperature, and, when the solvent was allowed to evaporate, 
the isolated solids showed no tendency to aerial oxidation 
or hydrolysis. This stability to air and moisture was 
demonstrated by re-solution of the complexes and comparison 
of the P-{ H} n.m.r. spectra with those of fresh samples, 
elemental micro-analyses and infrared vibrational 
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spectroscopy. The structural results of the sulphur complex, 
crystallised from toluene solution, will be presented later. 
The 19F spectra were consistent with the proposed 
structures, the resonances showing wide doublets of narrow 
doublets with associated 195 Pt satellites. The oxidation 
state of the complexes could be determined by comparing 
the values of 2 	 1 PtF• As with 	the wider-spaced 
satellites refer to Pt(II) four-coordinate species, while 
the narrow couplings arise from Pt(IV) six-coordinate species. 
The peaks in the 19 F spectrum were unaccountably broad at 
all temperatures. This is probably due to the imperfectly 
resolved 	 PF was not resolved in the spectra of the 
triethylphosphine complexes for these compounds, although 
the peaks were quite sharp in the latter. Another difference 
encountered with this system is that the tricyclohexylphosphine 
complexes were much less soluble. With the dihydride 
starting material and also with some of the six-coordinate 
intermediates, the solubility limits of the solutions were 
reached, and on a few occasions exceeded. Whilst precipitation 
only affects the cold solutions, the small but finite 3pF 
is probably the major reason for the breadth of peaks in 
spectra of warm solutions (at 300 K). This small coupling 
was determined from 31P{ 1H} spectra in one case, but it was 
not possible to resolve it from 19 F spectra of the same 
sample. 
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The 1  H n.m.r. spectra of the samples, recorded 
after the 19 F n.m.r. spectra, correlated well with the 
data obtained and the proposed structures. As with all the 
1H n.m.r. spectra, the alkyl regions of the spectra were of 
little help in elucidation of the structures. No clear 
coupling of these protons to any magnetically active nuclei 
was expected or observed. Each spectrum gave l  resonances 
in the metal hydride region, i.e. to low frequency of 
T.M.S. protons. These resonances exhibited a wide doublet 
splitting with each peak showing a triplet of narrow 
triplets. The respective couplings were assigned (in order) 
to 2. H 	H and 2 H 	and each resonance showed a wide (t) F 	p (c) 
coupling due to j ptH'  although the fine structure in the 
platinum satellites was, in some cases, indistinguishable 
from the baseline 'noise'. 
The resonances from Pt(II) species were differentiated 
from the Pt(IV) complexes on the basis ofPtH'but, due 
to the low solubility of the six-coordinate molecules, the 
spectra recorded at temperatures below 243 K were of poor 
quality. The trans-hydride resonances were not observed, 
probably because of coincidence with the trialkyl phosphine 
proton resonances. 
It was considered that integration of the poorly-defined 
peaks would give no useful information, as the protons from 
the trialkyl phosphine ligands would contain, even at the 
lowest temperature, a finite proportion of the four-
coordinate Pt(II) product. Apart from the inherent 
TABLE 2.3 
Parameters for the reactions of HPF2O, HPF 2 S and HPF 2Se with H 2Pt(PCy 3 ) 2 
8 3 p &'p' 8'9F Jftp Tfp' Jp'F J'P' PH c J'i .Tcj JnF '1Pt# NF 
H 2 Pt(H)(PF 2 0)(PCy 3 ) 2 36.66 114.0 -4.08 -14.73 1716 n.r. 1298 24 269 n.r. 301 46 n.r. n.r. 
I 2 Pt T' (I1)(PF 2 S)(PCy 3 ) 2 35.49 215.70 2.16 -15.61 1741 3434 1199 23 321 n.r. 247 33 637 n.r. 
H 2 Pt ' (H)(PF 2 Se)(PCy 3 ) 2 35.23 159.71 -16.38 n.o. 1710 2138 1194 21 n.o. n.o. 328 29 n.o. n.r. 
H 	Pt II (PF 2 0)(PCy 3 ) 2 39.43 126.21 -11.17 -7.81 2531 2910 1221 32 282 n.r. 550 47 180 
H 	Pt 
II 
 (PF 2 S)(PCy 3 ) 2 37.17 224.05 -8.38 -8.64 2581 3290 1189 27 262 36 408 36 744 15 
H 	Pt 
II 
 (PF 2 Se)(PCy 3 ) 2 38.31 237.91 -16.26 -8.99 2580 3276 1189 25 264 32.8 366 32 770 14.5 
S Values given in ppm, 31 P correct to ± 0.03 ppm, 	1 H correct to j 0.01 p-pm, 	19F correct to 	0.03 ppm. 
J Values given in H 7 , all values correct to ±. 2 H 7 . 
n.o. 	Not observed 
n.r. 	Not resolved 
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uncertainty in the 'content' of these peaks, the proportions 
of one proton in sixty-nine (for the Pt(IV) species) or one 
in sixty-seven (for the Pt(II) species) would be almost 
indistinguishable, and may even not 'fit' the actual 
integral (the one proton considered in these integrations 
would be that trans to PF2E). 
The total reaction. stoicheioinetry was shown to be 1:1 
from Toepler pump measurements. A typical reading was: 
from 0.100 mitole of H 2Pt(PCy 3 ) 2 and 0.10 mlnDle of HPF 2S, 
the reaction produced 0.095 nunole of non-condensible gas. 
2.3.3 Discussion 
In contrast with the behaviour of HPtX(PEt3 ) 2 with 
excess of HPF2E (21),  the system involving the tricyclohexyl 
phosphine complexes, gave no new complexes with excess of 
any of HPF 2E (E = 0, S 1 Se). The excess HPF 2E did not react 
with any species in solution. The probable explanation is one 
of steric hindrance by the alkyl groups, effectively 
shielding the platinum nucleus from attack by a second HPF 2E 
molecule. 
The Pt(II) complexes were, as mentioned above, 
crystal-lisable from toluene, and stable to the atmosphere. 
The complexes were colourless or, in the case where E = Se, 
pale yellow. They were soluble in chloroform, benzene, 
methylene chloride and toluene, and insoluble in acetone, 
methanol and ethanol.. It is possible that some very slow 
hydrolysis occurs, as a faint garlic-like odour was 
detectable from the solid. 
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The crystallisation was carried out from a mixture of 
methylene chloride and toluene, as the solid produced from 
evaporation of neat solution in methylene chloride gave 
unsatisfactory interpenetrating hexagonal plates. (The 
complexes were much more soluble in methylene chloride than 
in toluene, so the mixture was used to obtain the maximum 
concentration). 
comparing the three Pt(IV) intermediates (with. 
respect to the corresponding Pt(II) products), the n.m.r. 
spectral data show that the selenium complex is less thermally 
stable than the other two, which show comparable stability. 
Steric effects may have some contribution to this observation, 
but the contribution is probably relatively minor. A more 
important contribution is probably the relative 'softness' 
of the .PF2E ligands, which, in itself, can relate to the 
trans effect. The PF 2Se group is more likely to show 
properties similar to recognised 'soft' ligands than the 
other homologues. Thus, using the Tr-bond theory in relation 
to the trans influence the selenium atom will contribute more 
to ir type bond character in the PF 2E group than either sulphur 
or oxygen. This increases the trans-effect and thus 
labilizes the trans hydride. The less polarizable oxide and 
sulphide will, correspondingly, cause a lesser trans-effect, 
effectively increasing the activation barrier for the 
reductive elimination process. Moreover, it is known that 
Pt(II) centres are appreciably softer than the respective 
Pt(IV) centres, and, with PF 2 Se, the Pt(II) species will be 
preferred to the Pt(IV) complex. 
S. 
A slight difference between the stabilities of the 
sulphur and oxygen Pt(IV) intermediates was noted, the oxygen 
complex proving to be slightly more stable than the 
sulphur species. 
The crystal structure of HPt(PCy 3 ) 2 PF2 $ will be 
considered in a later section, with contrast to the structure 
of C1Pt(PEt3)2PF2S (21)• 
Comparing the infra-red vibrational spectra, in the 
region usually assigned to Pt-H, a very small difference 
between the Se and S complexes was seen, at 'Pt-H 	
=2040 cm 1 
-1 	 -1 	(S) 
and 'VPtH 	= 2020 cm (values ±5 cm ). 
(Se) 
2.4 	The Reaction of SiH 4 with H 2Pt(PCy 3 ) 2 
2.4.1 
Several complexes have been prepared, in recent years, 
of the form XPt(PR3)2SiH3 (2,3)  where X = Cl, Br, I or H, 
and R = alkyl. The reaction pathway usually occurs via a 
high energy Pt(Iv) six-coordinate intermediate, which then 
'falls' to the,b(t$Q.tPt(II) four-coordinate product by 
eliminating HX. 
The species where X = H and R = cyclohexyl, has been 
prepared previously, in which the product, an off-white 
powder, has been shown to be stable to aerial oxidation and 
hydrolysis. The X-ray structure has been recorded, and shows 
that the geometry round platinum is square planar with the 
cyclohexyl groups 'protecting' the hydride and silyl ligands 
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from attack by dioxygen or water. When the n.m.r. 
spectroscopic results had been recorded, the presence of a 
platinum trihydride was postulated, but not observed and the 
proton data of the product were not as clear cut as they 
might have been. Since only continuous wave spectrometers were 
available, the study conducted here was in order to observe 
the trihydride and to attempt to obtain better proton spectra 
for the final, product. 
2.4.2 	New Work 
As in the previous sections, the intermediate Pt(IV) 
complexes were not very soluble in methylene chloride at low 
temperatures, with the result that the proton spectra tended 
to suffer from a high background noise level. However, good 
spectra were obtained after a few attempts, varying the 
amount of solvent and the concentrations of the dihydride and 
silanb used. 
The reaction showed one or two distinct differences from 
those involving reactions of H 2 Pt(PCy 3 ) 2 with other hydride 
species. The thermal stability of the intermediate, which 
only started to form at 203 K, was markedly greater than those 
mentioned previously. Reductive elimination of dihydrogen 
from H 3Pt(PCy 3 ) 2SiH 3 became appreciable at temperatures 
above 263 K, as very little of the four-coordinate Pt(II) 
species was detected below this temperature. Another feature, 
which is more incidental, is that the solution of the final 
product darkened,on aging,to a dark brown solution after two 
hours at room temperature, whilst all the other clearly defined 
products gave colourless or pale yellow solutions. 
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The 31P{ 1H} spectra were, in a few cases, hampered by 
the low solubility of the intermediate, which gave rise to 
noisy spectra. A more dilute solution provided cleaner spectra, 
but, to achieve these clearer results, longer accumulations 
(for the Fourier-transform instruments) were necessary. 
The signal due to the dihydride was as mentioned above, 
still obscured at 183 K, although it was clear that the 
reaction had started, from the appearance of a resonance at 
633.2. This new signal also exhibited 
195Pt satellites, 
but here 1  1 	 was 1803 Hz, indicating a Pt(IV) intermediate.PtP 
Even in the best spectra, the peaks were slightly broadened, 
due, no doubt, to the effect of the particles in the solution. 
As the temperature was raised, the peaks due to the 
dihydride (at 650.4) vanished, and at 243 K some of the 
trihydride species had begun to produce hydrogen gas by 
reductive elimination, forming a new Pt(II) silyl species 
which gave rise to a resonance at 640.3, with satellites 
due to 195Pt showing a coupling of 2606 Hz. 
The proton spectra, as mentioned above, were not so well 
resolved as to show clearly all the couplings. It was 
however, possible to discern several signals and those in the 
metal hydride region had added structure. On this occasion 
it was possible to detect a peak assigned to the trans-
hydride resonances, their chemical shift being 6-0.98, to 
very high frequency with respect to normal metal hydride 
resonances, as expected. The peaks showed a narrow triplet 
coupling, with associated 195Pt satellites, the small coupling 
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2 being assigned to 	No further coupling (due to 
cis 
2HH  was visible, which observation agreed with a 
previous study of platinum dihydride complexes (22) In this 
latter study, a coupling of 0.5 ' 1.0 Hz was expected, which 
would not have been resolved in the present system, as the 
resonances were fairly broad. 
The rest of the hydride resonances appeared in the 
more usual region of 6-10 to 6-15. The peaks in this region 
were rather stronger than the trans hydride resonances and 
consequently better defined. This apparently anomalous. 
pattern of intensities can be explained in terms of the 
relaxation processes available to the proton nuclei. Atoms 
in ligands directly bound to the transition metal, in 
transition metal complexes, are usually more affected by 
the species trans to the atom under question than those in 
cis positions (c.f. the relative magnitudes of cis- and 
trans-influences). In the Pt(IV) species H 3Pt(PCy 3 ) 2 SiH 3 , 





P Cy 3 
the high frequency hydridic protons are mutually trans, 
with a relatively low intensity resonance, whilst the low 
frequency hydride, trans to the silyl group, shows a peak in 
approximately the correct position. (A rough estimation is 
the best that can be achieved, as the cyclohexyl protons 
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from Pt(II) and Pt(IV) complexes overlap. The ratio of the 
total integral for the cyclohexyl regions to that of the 
5-10 to 5-15 region gives a value of 65, which is quite close 
to an 'average' value of 68). The integrated area under 
the trans-dihydride resonances does not amount to twice that 
of either of the low frequency hydride resonances, although 
why this should be so is unclear, as the 31P n.m.r. spectra 
only showed two platinum silyl species at any time. One 
explanation is that the assignment is not correct, although 
it is difficult to assign these middle frequency resonances to 
another environment of protons. Another explanation, which 
was not tested, was to assume incomplete relaxation of the 
trans protons; 	the, strong trans influence and trans effect 
at work here may be able to cause this type of effect. 
The 2HH'  cis across Pt, in the six-coordinate inter -
mediate was not resolved, but the envelopes of the peaks 
suggested that, given better resolution, such a coupling would 
be clearly visible. 
31 The 	P{ 
1
H} n.m.r. spectra showed one new six-coordinate 
Pt(Iv) complex and one new four-coordinate Pt(II) complex, 
agreeing with the proton n.m.r. data. The divalent platinum 
complex has been observed previously (1) via 31p n.m.r. 
spectroscopy, but without the advantages of Fourier transform 
techniques. The Pt(IV) species was detected for the first 
time in the present study although its existence, as an 
intermediate, was postulated in the older study W 	it seems 
likely that the comparative insolubility of this particular 
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TABLE 2.4 
Nmr parameters for the reaction of SiH 4 with H2Pt(PCy 2 
SP S'H 8'H' 
1 . 
. 
H2Pt(I-I)(SiH3 )(FCy3 ) 2 33.5 -11.86 -098 1803 666 10 762 16 
HPt(SiH3 )(PCy3 ) 2 40.3 -11.24 n. a. 2606 687 11 n. a. n. a. 
No SiH3 parameters detected for H2Pt(H)(SiH3 )(PCy3 ) 2 
i 	 2 	 3-r 
61-1 4SiMP 
3.1 	 20 	 3 
Values given in ppm, 31 P correct to + 0.1 ppm, 1H correct to ± 0.02 ppm. 
J Values given in Hz to ± 1 Hz• 
n.a. Not applicable 
intermediate precluded its detection, as other trihydrides 
were detected in the previous work. On each occasion when 
the reaction of silane with the dihydride was carried out, 
substantially more solid was observed, at low temperatures 
(183 K to 273 K), then in any of the other reactions with 
the dihydride. 
The region associated with SiH protons was not obscured 
by peaks due to either solvent or cyclohexyl protons, giving 
three peaks, at 63.15, 62.97 and 62.98. All the resonances 
were broad at low temperature (213 K), but the peak to 
highest frequency was a little sharper and weaker than the 
others. No coupling was visible to any of these resonances. 
The highest frequency resonance was assigned to free silane, 
as silyl protons tend to shift to lower frequency on 
coordination, due to the moderate shielding power of the metal 
d and f electrons and, in this case, the phosphine alkyl 
groups. The remaining resonances were due to the Pt(II) 
and the Pt(IV) adducts. 
2.4.3 	Discussion 
Considering the numerical data, the greatest apparent 
anomaly is to be found in 1PtH 
 trans to the silyl group. 
In other platinum phosphine hydride complexes, the 
application of a simplified Fermi contact term in comparison 
of Pt(Ii) complexes and their corresponding Pt(IV) complexes 
is quite adequate, using the s-orbital contribution to the 
hybrid sets. In this work, however, the two 1PtH values 
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under consideration, i.e. 666 Hz for the Pt(IV) species and 
687 Hz for the Pt(II) complex show only a marginal difference. 
Comparison of these parameters with published values (of 
between 900Hz and 1300 Hz for platinum(II)phosphine 
complexes) (1) seem to indicate that the Pt(II) coupling 
constant is the anomalous value. It is clear that the high 
trans-influence of the o-SiH 3 group is an important factor 
in this case, but it appears that, in any case, the 
proportion of s-character in the Pt-H bond is lower than in 
the above, quoted series, and further the presence of two 
extra hydrides, cis to the bond in question, have no or very 
little effect on the s-character. 
The possibility that the two hydride resonances 
considered here belong to two isomeric forms is one that is 
difficult to reconcile, as the steric requirements of the 
two phosphine ligands dictate that these should be mutually 
trans (also agreeing with the simplicity of the 31P spectra), 
and the remaining ligands (three hydrides and one silyl) 
have only one distinguishable configuration. 
The Pt(IV) complex H 3Pt(PCy 3 ) 2 SiH 3 behaves rather 
differently from the other trihydride complexes detected. 
Its solubility at a particular temperature seems to be the 
lowest of these discovered, yet its thermal stability is 
greater by an appreciable amount, than the other trihydrides, 
as some of the solid was visible in the reaction, when the 
reaction had been held at 273 K for an hour. The other 
trihydrides all reductively eliminated hydrogen below 233 K. 
The major factor is probably not steric, as -SH and SiH 3 
have very similar volumes, nor is it likely to be associated 
with hardness or softness of the species in question. The 
cause of these anomalies may be indirectly related, but 
several factors are probably responsible here. 
The trihydride complex is a very interesting complex 
from several points of view, but the nature of its production 
and subsequent decomposition (this latter process commences 
at about 243 K) effectively preclude easy isolation. 
A crystal study of the tris deuterido complex would answer 
many inherent questions in the system although the most 
important of these would be related to the steric constraints 
and the degree of distortion of the platinum from the 
octahedral ideal. 
2.5 	The reactions of H 2Pt(PCy 3 ) 2 with PF2 X [X = Cl, Br, II 
2.5.1 
Previous reports of second and third row transition 
metal complexes with PF 2 X ligands have been conspicuous by 
their rarity. Apart from one study closely related (21)  
to the system under consideration, the complexes reported 
were synthesized from the dialkylaminodifluorophosPhifle 
complexes with hydrogen halide, i.e. 
+ - 
(LnM) _PF2 
	 n 	2 
+ 2HX 	 L MPF X + H z  NR  z  , X 
NR - 
The substrate complexes in these reactions are quite 
well known, several examples having been already prepared, 
but very few of these have been subjected to attack from 
hydrogen halides, so that very few of these difluorophosphine 
halide complexes have been observed(24). 
In the quoted reaction, it can be seen that the fluoro-
phosphine phosphorus nucleus does not change oxidation 
state (assuming the dialkylamido group to have a formal 
negative charge) , and, indeed the uncoordinated dialkyl-
aminodifluorophosphine reacts in exactly the same manner, 
to give the free difluorophosphine halide (23)  
There are two examples of a metal complex formed in 
a different reaction, Ni(PF 2 C1) 4 and Mn 2 (PF 2 I) (CO) 8 , but 
the reaction, in each case, involved direct replacement of 
CO by PF 2 X 	In this respect, PF 2 X behaves very 
similarly to PF 3 , but shows no tendency to cleave the P-X 
bond. 
The cited study 
(21)of  reactions of trans-hydrido-
halobis(triethylphosphine)platinum(II) species with 
difluorophosphino halides gave rise to an interesting 
reaction pathway and several novel species. The reactions 
are most easily portrayed in the following scheme: 
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PEt 3 	+ 
t-HPt(PEt 3 ) 2 X + PF2 X 
	
HF2P 	Pt 	X 
PEt3 
SI 	
+ HPt(PEt 3 ) 2 X 
PEt 3 	 PEt3 
X 	Pt 	PF2-Pt 	X + PEtE 
Lt 3 	 X 
(major product) 
The evidence for the reaction scheme was obtained from 
31 	19 	1 the 	P, F and H n.m.r. spectra from the intermediates,, 
with infra-red vibrational data from the isolated solid 
products, although the mechanistic details could not be 
unequivocably assigned. One intermediate detected was 
cis-cis-trans H 2 X2 Pt(PEt 3 ) 2 , which is known to be formed 
from the addition of HX to HPt(PEt3)2X (17) 
Without knowing the mechanism of the reaction of 
PF2 X with HPt(PEt 3 ) 2 X, it is a little difficult to attempt to 
predict the reaction of PF 2 X with H 2Pt(PCy 3 ) 2 . In view 
of the general bulkiness of the PCy 3 ligands, one would not 
expect the bridged diplatinum species to be stable, yet 
one would expect to see some similarities in the reaction. 
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2.5.2 New work 
The 31P{ 1H} spectra showed very little in the way of 
platinum-fluorophosphine complexes. The reactions showed 
no difference between the different halogens involved, 
in the production of the halohydrido bis(tricyclohexyl-
phosphine)platinum(II) and the dihalodihydridobis (tricyclo-
hexylphosphine)platinum(IV) species. These were identified 
31 	 1 from their P chemical shift and 	values. No evidencePtP 
was observed for HPF 2 or PF 3 , either as free or as coordinated 
molecules. 	A pale yellow solid was precioitated from the 
solution at warmer temperatures ("243 K). The only 
observable spectral change was the disappearance of the signal 
due to PF2 X. 
19 The 	F spectra, obtained at low temperatures (183 K) 
confirmed the absence, in solution, of new platinum-fluoro-
phosphine complexes. One of these solutions showed a small 
amount of a compound exhibiting a wide 1 pF' with a narrow 
doublet coupling (assigned to a trans 
3  1 HF with 195  Pt 
satellites. This species was shown, later, to be HPt(PCy 3 ) 2 -
PF2 O, formed undoubtedly from some HPF20, whose presence may 
well be due to damp solvents or moisture in the reaction 
tube. 
The only recognizable 19F-bearing species were excess 
difluorophosphine halides. 
Attempts to obtain 
1  H n.m.r. data were confounded by 
the poor quality of the spectra, undoubtedly caused by the 
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insoluble yellow matter produced in all these reactions. 
No peaks were visible apart from the tricyclohexyl protons. 
Infra-red spectra, obtained from the precipitated 
solid, showed vibrations due to P-F stretches and Pt-X 
stretches, but PtP vibrations could not be definitively 
assigned. 
The data collected from the stoicheiometric reaction 
of equimolar amounts of difluorophosphine halide and the 
dihydride gave little or no indication of new species, 
so an attempt to force a reaction was essayed by using a 
fourfold amount of difl'uorophosphine halide to the same 
amount of dihydride as in the previous reactions. 
With a higher concentration of the difluorophosphine 
halide, disproportionation of the halide became more 
significant with production of trifluorophosphine, 
identifiable as a high frequency wide 1:3:3:1 quartet 
i 31 	
31 
n 	P n.m.r. spectra. The remainder of the 	P spectrum 
was of poor quality, presumably due to the large amount 
of solid produced. This solid, which was a yellow ochre 
to orange colour, was assigned the formulation of (PF) 1 
as the appearance of the solid was very similar to 
that of other characterized polyphosphines. However, 
due to the presence of other precipitated species 
(compare with the 1:1 reaction of difluorophosphine halide to 
dihydride), it was not possible definitively to identify this 
new orange-yellow solid. The soluble species observed in 
the 31  P n.m.r. spectra were identified as trifluorophosphine, 
dihalodihydridobis (tricyclohexylphosphine)platinum(IV) 
and halohydrido-bis (tricyclohexylphosphine)platinum(II). 
The 19 F spectragave no new information. The only 
recognizable species detected were 'trifluorophosphine and 
a vestigi 	. amount of remaining difluorophosphine halide. 
No evidence was found for any species containing a PF 2H 
group at any stage. 
2.5.3 Discussion 
The results from this series of reactions were 
unsatisfactory in that no clear reaction process was 
detected. It is, however, possible to make some comparisons 
between this study and the previous investigation. As 
surmised, there seems very little chance of forming a 
binuclear bridged diplatinum species with the bulky 
phosphine. Despite the fact that it is possible to add a 
PF2 Se group to the platinum centre, the metal atom seems 
unwilling to form a "dative covalent" bond to the PF 2 X 
molecule. This seemingly anomalous behaviour cannot be 
explained in terms of steric factors alone. In comparing 
the metal substrates, a major difference is that one complex 
is a dihydride, whilst the other complex used was a halo-
hydride. It is possible that the reaction with the 
halohydride was assisted by the partial dissociation of the 
halide, leaving a positive centre liable to attack from the 
fluorophosphine phosphorus lone pair. A suggestion of this 
form would infer that the process involved was a partially 
ionic displacement reaction rather than an oxidative 
addition-reductive elimination. The dihydride complex would, 
one expects, not dissociate a hydride anion, and therefore 
would not assist any purely ionic mechanisms. 
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Several factors are involved here, but due to the 
intractable nature of the products of the reaction, it is 
not possible to specify a pathway or mechanism, or, indeed, 
what. exactly the reaction is, save that the final products 
seem to imply a disproportionation of the difluorophosphine, 
and the subsequent (or co-joint) halogenation of the 
platinum complex. 
2- 6 	The Reaction of H 2Pt(PCy 3 ) 2 with difluorophosphine HPF
2_ 
Previous work involving difluorophosphine and 
platinum(II) bisphosphine complexes have yielded five-
coordinate species 
(25)  e.g. 
PEt 3 	 PEt3 
HPF2 + H 	Pt 	Cl 
	
Pt 	Cl 
PEt3 	 Et3P. 	HPF2 
The added bulkiness of the tricyclohexyiphosphines may inhibit 
this type of reaction, as steric constraints will tend to 
prefer a square planar geometry rather than that of a 
trigonal bipyrantidal structure. 
The reaction of difluorophosphine with the dihydride 
Pt(II) complex produced no new complexes, but appeared to 
follow a similar decomposition as observed in the previous 
section. A yellow-orange precipitate was produced, which 
was assigned the formula (PF) 	on melting the so1veit, 
whilst the 31p signal due to the dihydride remained unaltered. 
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No further reaction was detected, save that of the solvent 
with the dihydride to give trans-hydridechioride bis(tri-
cyclohexyl phosphine)platinum(II). 
• 3. 	Some Reactions of HPt(PCy 3 ) 2 X; X = SiH 3 , SH, 
SeH, PF2 O, PF 2 S and PF 3 
• 3.1 Preliminary 
In the previous sections of this chapter, it was 
shown that trihydrides of platinum-phoshine complexes could 
be synthesized, and observed, despite their thermal 
instability. Although, in most cases, the resonances of the 
trans-hydrides and the phosphine alkyl protons unfortunately 
coincided in the 1  H n.m.r., their identities were ratified 
through their 31P and 19 F n.m.r. spectra and by experimentally 
determined reaction stoicheiometries. The final reaction 
products, as four-coordinate platinum(II) species, each 
retain one hydride ligand. The new species, being derivatives 
of four coordinate platinum(II), are coordinatively 
unsaturated, so it seems possible that further reactions 
might be attempted with hydride species. Whilst addition 
of excess of the volatile reagents to solutions of the 
dihydride complex produced no further reaction, it appears 
possible that new insights into this field of chemistry 
might be gained by using two different molecules (from the 
small group used above with the dihydride) to attempt to 
obtain new species. 
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In a previous study (1)  , attempts were made to add 
small molecules to trans-hydridochioride bis(tricyclohexyl- 
hosphine)platinum(II). The results showed that no reaction 
had occurred, which, with the evidence that the less 
sterically hindered analogue, trans-hydridochioride bis-
(triethylphosphine)platinum(II), did oxidatively add the 
same small molecules implied that the subject complex was 
too sterically hindered to allow such additions. 
In using the different complexes, as described in this 
section, it was hoped that the steric effects would not 
prove to be the over-riding factor, and that novel six-
coordinate platinum(IV) species would be detected. If these 
new species were to be found, they would be expected to exist 
as low temperature intermediates, but it would be interesting 
to see how any steric strain would be released on warming 
the systems. Examples of the possible pathways are given:- 
P Cy 3 
X - Pt—H 
P Cy 3 





PCy 3 	 PCy 3 
X—Pt—H or H—PH 
>
-H/// PCy 3 
-HX 
PCy 	 PCy 3 
•Y—Pt—X 	H—Pt—H 
I I 
PCy 3 	 PCy3 
Referring to the above scheme, decomposition of any 
detected six-coordinated platinum(IV) species would probably 
occur by reductive elimination of a small molecule, the 
possible alternatives given as pathways (1) to (4). 
Pathways (1) and (2) are closely related, and also bear 
a strong relationship to the reactions described in the 
earlier sections of this chapter. Pathway (4) is unlikely, 
as the dihydride complex appears to be very reactive at 
very low temperatures, the energetics seeming to disfavour 
the dihydride. (This is probably because of the strong 
trans-influence of the hydride ligand, and the high bond 
energy of H 2 ). 
Pathway (3) would give a new series of platinum complexes, 
although the steric problems involved may preclude the 
retention of both non-hydride ligands. If exchange were 
observed, as in process (2) , then interesting information might 
be gained by comparing any series of displacements observed, 
to give some qualitative guide to relative bond energies. 
It was found that, in the majority of cases, only one 
platinum(II) product was formed, which simplified potentially 
complex reaction schemes. The relevant parameters for each 
X are given after each particular section. 
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3.2 	 Some Reactions of HPttPCy 3!2' 3_ 
3.2'. 1 	With' HPF2E; ' E = 0, S, Se 
As in the reactions of H 2Pt(PCy 3 ) 2 with HPF 2E molecules, 
the 1:1 reactions of HPt(PCy 3 ) 2 SiH 3 with HPF2E commenced as 
soon as the solvent was melted, and gave new complexes. 
The 31P n.m.r. spectra at 183 K showed that, for each 
E, a new species with tricyclohexyl phosphines was present. 
The new signal [slightly to high frequency of the singlet 
signal from HPt(PCy 3 ) 2 SiH 3 ] showed a narrow doublet coupling 
with 195 Pt1:4:1 satellites and 
1  1 	 indicative of aPtP 
platinum(IV) species. Associated with this new signal, a 
second, new resonance to high frequency, appeared in the 
region normally assigned to coordinated PF 2 E groups. 
(The signal in the reaction with HPF 2O was poorly resolved, 
and an accurate chemical shift was not obtained). The 
signals in this region showed a narrow triplet coupling, 
of approximately the same size as that of the narrow doublet 
coupling observed in the alkyl phosphine region, with a wide 
triplet coupling that was assigned to 	Concurrent with 
the growth of these new signals was the decrease and 
eventual disappearance of the signals from the uncoordinated 
HPF2E. Because of the necessity to observe these new 
species at very low temperatures, and the inherent relative 
insolubility of these intermediates, the expected 
195Pt 
satellites for the high frequency region could not be 
distinguished from the baseline noise. 
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The 19F spectra of these reactions were very noisy 
at these temperatures, and attempts to improve the spectral 
resolution by slightly warming the reactions caused thermal 
decomposition of the intermediates, and thus in the cases 
of the sulphur and selenium analogues no data could be 
collected. 
The 1H n.m.r. spectra of these low temperature 
intermediates were also of poor quality, and data from the 
silyl proton region could only be collected for the oxide 
intermediate, although it was possible to collect data from 
the low frequency hydride region. In all cases, the 
resolution was poor and the signals were weak, although 
several coupling constants were determined. 
As can be easily implied from the above descriptions, 
the intermediates exhibited greater thermal instability 
than the trihydrides detected elsewhere, and, mall cases, 
substantial quantities of the four-coordinate platinum(II) 
decomposition products were detected at 183 K. 
The identities of the decomposition products were 
determined from the n.m.r. spectra, and their parameters 
corresponded closely with those for the species HPt(PCy 3 ) 2 PF2 E, 
thus implying reductive elimination of silane. Further 
proof that this was the case was given when a selectively 
decoupled 31  P n.m.r. spectrum was taken. The signal from 
the PCy 3 region remained unaltered, but the signal from 
the PF 2 phosphorus split into a medium doublet of n,270 Hz, 
rather than a narrow quartet of 5Hz (it is doubtful 
Parameters for the products of the reactions of HPi(SiH3 )(PCy 3 ) 2 






11 2 Pt(SiH 3 )(PF 2 0)(PCy 3 ) 2 . 36.8 n. o. -6.54 -11.20 1720 n. o. 	1231 788 26 326 784 n. r. 45 
H 2 Pt 1' (SiH 3 )(PF 2 S)(PCy 3 ) 36.2 153.7 n.o. -8.30 1760 n. r. 	1186 780 22 11.0. 262 13 37 
H 2 Pt(SiH 3 )(PF 2 Se)(PCy 3 ) 2 36.2 1621 n. o. -8.67 1709 n. r. 	1206 n.r. 20 n. o. 268 16 34 
00 
0 
H2PtV(SiH3)(SH)(PCy3)2 33.3 n. o. 1787 n. o. n. o. n. o. 
H 2 Pt(SiH3 )(SeH)(PCy 3 ) 2 331 no. IB'it (1.0. 
* 	Only one 	hydride 	resonance detected for each 	intermediate despite the cis configuration of the hydrides. 
S Values 	given 	in 	ppm, 	31  P, correct 	to 1 2 	ppm, 	H correct to--0.02 O 19 ppm, 	F value 	correct 	to .±. 0.05 	ppm. 
J Values 	given 	in 	H 	correct 
z 
to j 2H 	. 
z 
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whether such a coupling 3pH in this system would be 
visible). Further proof was obtained when a room temperature 
proton spectrum was taken, which showed a sharp singlet at 
63.15 identifying free silane. Thus, the reaction scheme 
seems to correspond to pathway (2) , i.e. 
P Cy 3 
H—Pt— SiH 3 
PCy 3 
+HPF2E 
P Cy 3 




P Cy 3 
) H— Pt— PF2E 
PCy 3 + SiH 4 
The stereochemistry of the intermediate, inferred by 
the easy loss of silane (thus probably having a hydride trans 
to the silyl group), was confirmed by the 1H hydride region, 
in which a signal exhibited a large doublet coupling. This 
coupling of about 260 Hz is probably due to a trans 
phosphorus nucleus, thereby confirming the hydrides' cis 
configuration. 
Whilst the above explanation is the most logical one on 
the basis of the available data, the systems gave rather 
disappointing spectra, particularly for 
19 F. More data would 
probably be accessible if a different solvent were used, 
but it is difficult to find a solvent which dissolves these 
bulky species and remains unfrozen at below 173 K. 
In the reaction between the Pt(II) silyl and HPF 2 S 
and HPF2Se, the six-coordinate Pt(IV) species appear to be 
less thermally stable than in the oxide system. Although 
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some steric influence is involved here, it is probably not 
the only major differentiating factor. Electronic 
considerations could well be involved as PF 20, being 
rather more electronegative than either PF 2S or PF2 Se, 
would remove some of the relatively high electron density 
at the six-coordinate Pt(IV) nucleus. However, the steric 
factor may well be the greatest of those influencing the 
decomposition of the intermediates, as the formation of the 
Si-H bond is less exothermic than that of an H-H bOfld(26a). 
3.2.2 	With hydrogen halides 
The previous study of platinum bis(tricyclohexyl-
phosphine) materials with simple germyl and silyl compounds 
demonstrated that it was not possible to add the group lyE 
compound to the platinum hydride chloride complex. This 
observation highlights the different steric problems associated 
with the hydridochioride bis (tricyclohexylphosphine) - 
platinum(II) complex with respect to hydridochioride-
bis(triethylphosphine)platinum(II), as the latter is well 
known to react with simple silyl and germyl compounds. 
The crystal structure of hydridosilyl-bis(tricyclohexyl-
phosphine)platinum(II) shows the distortions of the alkyl 
groups, and also of the silicon-platinum-phosphorus bond 
angles, indicating very close non-bonded hydrogen-hydrogen 
contacts. Although the hydridochioride complex may well be 
less sterically affected than the hydride silyl complex, some 
distortion of the structure away from the ideal square planar 
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geometry can be expected. It was hoped that adding the more 
acidic hydrogen halide to the platinum silyl complex would 
provide new intermediates, and possibly new stable complexes. 
The 31P{ 1H} n.m.r. spectra of tubes containing 
equimolar amounts of platinum and hydrogen halide in dichloro-
methane showed that the platinum(II)silyl complex had been 
totally consumed as soon as the first spectra could be taken 
at 183 K. In the place of this starting material, a signal 
appeared to slightly lower frequency than that of the 
starting complex, but with 195  Ptsatellites with a coupling 
of 1790 Hz, thus implying that a six-coordinate Pt(IV) 
species had formed. This species was assigned the formula 
H2Pt(X) (SiH 3 ) (PCy 3 ) 21  on the basis that as the solution was 
warmed, this complex diminished, and its signal was replaced 
by that from HPt(PCy 3 ) 2 X, with the appearance of a signal, 
in 1H n.m.r. of silane. Unfortunately, no signals from the 
hydrides of the intermediates was detected - this was 
probably because of the special insolubility problems, and the 
low concentrations of species encountered in this system. 
The general behaviour was observed in the cases of all 
three hydrogen halides, but in the case of hydrogen chloride, 
a further signal was observed in 31PH} n.m.r. spectra. 
This new signal had platinum satellites with 
1  1 	 of 2605 HzPtP 
indicating a Pt(II) complex, and correlation of the chemical 
shift appeared to imply that the new signal was due to 
HPt(PCy 3 ) 2 SiH 2 C1. The production of this species implied 
that some side reactions were proceeding, and indeed, an 
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example of this phenarenon has been observed ma closely related 
system (2) , i.e. 
PEt 3 
SiH 4 + I—Pt—I —4 
PEt 3 
I tvH 
Pt ZI I 	SiH3 
PEt 3 
- H—Pt—I 




1H2 Si— Pt I 4- 
PEt3 
	





Thus, the scheme in the present system would be as below:- 
PCy 3 	 PCy3 
H 3Si—Pt—H + iici 	t 	Slow> 
PCy 3 	 PCy3 
PCy 3 
H2 	 ---- + H—Pt 	< fast 
P Cy 3 
PCy 3 . 
+ SiH 3 C 
H—Pt—H 
P Cy 3 
fast 
P Cy 3 
I ,H 
Pt 
H / I NSiH 2 C1 
P Cy 3 
This scheme, however, is unlikely to represent the actual 
reaction pathway, as only one platinum(IV) intermediate was 
observed, and the trihydrido-chiorosilyl--bis (tricyclohexyl-
phosphine)platinum(Iv) complex, which has been previously 
-85— 
TABLE 3.2 (ii) 
31 
 P runt' parameters of the products of the reactions of HPt(PCy 2SiH3 
31 p 
H2Pt(SiH3 )C1(PCy3 ) 2 33.1 1790 
t-{ 2FtiH3 )Br(PCy3 ) 2 33.2 1788 
H2Pt(SiH3 )I(PCy3 ) 2 33.3 1790 
HPt(SiH2C1)(PCy3 ) 2 40.2 2604 
NOTE: None of these species gave detectable 1H.hydride resonances. 
S Values are given in ppm, correct to zt 0.1 ppm 
J Values are given in Hz,  correct to 2 Hz 
31 
P Cy 3 
Pt SiH2 C1 
P Cy 3 
Characterised, was not detected. A possible alternative 
reaction pathway would be as follows: 
P Cy 3 
H 




P Cy 3 
H 
P Cy 3 
H H 
cr--- ------SiH 2 
P Cy 3 
+ H 2 




In this scheme, the silicon remains bound to the metal at all 
times, and the high energy intermediate rearranges quickly to 
give the final products. The scheme is hypothetical, as the 
reactive intermediate was not detected, and is propounded on 
the absence of any other intermediaries. 
This mechanism may well be tested if SiD 4 or D2 Pt(PCy 3 ) 2 
were used with HC1 but even then the results may not be 
conclusive. (An attempt to synthesize HPt(SiD 3 ) (PCy 3 ) 2 proved 
to be disappointing, as no 
2  D signal was detected in the 
n.m.r. spectrum). 
This side reaction was not detected for the systems 
with hydrogen bromide or hydrogen iodide. It is unlikely that 
solvent participation has any marked effect, as that would 
surely lead to small amounts of the (SiH 2 C1)Pt(H)(PCy 3 ) 2 species, 
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via halogen exchanges. A more plausible explanation would be 
based on the preference of platinum to retain metal halogen 
bonds with the heavier halogens (along with the silicon's 
preference to retain a lighter halogen 28 , i.e. the 
weakness of SiBr or Sil bonds). 
In comparison of these observations with other, closely 
related systems, a major difference between this and the 
most closely related reactions, those of silyls with 
hydridohalobis.tri (ethylphosphine)platinum(II) complexes, is 
that there is an extreme reluctance for the Pt(II) centre 
(in the present system) to accommodate both a silyl group 
and a halogen. This obviously is a quite distinct difference, 
as there is no indication of any marginal stability; the 
Pt(II) complexes silyl halobis(tricyclohexylphosphine)
platinum(II) have not been detected under the conditions of 
reaction. Thus it may well be worth considering a series of 
platinum(II) bisphosphine complexes varying, the substituents 
on the phosphines, to discover the point at which the 
stability of the (silyl) (halide) derivative is marginal. 
This, in itself would be interesting, but it may be possible 
to investigate further to gain a betters understanding of the 
- 	mechanism of the processes involved. Differences in reaction 
rates would be accentuated at this point, in, for instance, 
reactions with deuterated and partially deuterated reactants. 
3.2°. 3 	With hydrogen sulphide and hydrogen''se'l'enide 
The reactions in this section were performed with the 
same object in mind as in' the immediately previous sections. 
The heavier hydrogencEttcogenides reacted more rapidly with 
the dihydride complex than silane did, so, being more 
reactive, one might hope to produce platinum(IV) intermediates. 
31 The 	P{ 
1H} spectra showed that reaction had occurred to 
give new six-coordinate Pt(IV) complexes, probably as 
shown below:- 
P Cy 3 	 PCy3 
3 	 H 





PCy 3 	 P Cy 3 
As the new signal, with 195  Ptsatellites giving a 
1800 Hz splitting, increased, the signal from the hydrido- 
silyl platinum(II) complex diminished, so that at 213 K, none 
of the silyl starting material was present. However, as the 
reaction mixture was gently warmed, the signal from the new 
Pt(IV) complex decreased in intensity, and a third signal 
grew in intensity. The transformation of the spectrum was 
complete by the time the reaction had been warmed to 253 K, 
so that at this stage only one platinum(II) complex could be 
detected. This species was recognized as trans hydride- 
(hydrogen-chalcogenide)bis(tricyclohexylphosphine)platinum(II) 
in both cases, thus implying the expulsIon of silane, as 
in the two previous sections. 
cum 
Thus, although the halide anions and the hydrogenchalco-
genide anions exhibit quite different chemistries in most of 
their properties, here the difference is reduced to a 
level of fine detail. 
Attempts to observe the hydride resonances in the 
n.m.r. were generally unsuccessful, as the limited solubility 
of the intermediates caused solid to precipitate, resulting 
in loss of resolution. It was, however, possible to see 
the signal due to free silane at warmer temperatures where 
there was no solids in the tubes (reaction solutions). 
3.3 	 Some reactions of HPt(SH) (PCy 3 ) 2 and 
HPt(SeH) (PCy 3 ) 2 
3.3.1 	 With HPF2O, HPF2S and HPF2 Se 
Whilst the SH and SeH groups (considered in covalent 
bonding) are of a very similar size to the silyl group 
(as far as the metal bisphosphine unit is concerned), both 
the hydrogenchalcogenide groups have been seen to displace the 
silyl group, implying that the platinum chalcogenide bond 
is thermodynamically more stable than the platinum to 
silicon bond in this sytem. On the basis of this 
observation, it was thought that the platinum(IV) species 
(HE)H 2 Pt(PCy 3 ) 2 PF 2Y (E = S, Se; Y = 0, 5, Se) would prove 
to be more stable than the silyl analogues. 
However, the reactions proceeded to completion, in the 
same general pathway as the silyl intermediates, but at 
a greater rate of decomposition. In some cases, the Pt(IV) 
species one might have expected to see could not be detected, 
in spite of careful handling at 183 K. The 
31P spectra 
were hampered by the noisy baseline, caused by the 
insolubility of the Pt(IV) species, thus rendering the 
detection of trace amounts of material impossible on the 
instrument used. In particular, in the reaction between 
HPF2 S and HPt(SH) (PCy 3 ) 2 , the Pt(IV) species might, by 
analogy with related reactions, have been expected to be 
stable at low temperatures. However, it could not be 
detected in the 31P spectra, even at 183 K, despite the 
observation of both starting materials and end products at 
that temperature. To observe the postulated complex, 
i.e. H 2 Pt(SH) (PF 2 S) (PCy 3 ) 2 (see below) one would have to 
use a different solvent, capable of giving solution spectra 
at '150 K without side reaction. This may well be possible, 
as the starting materials [HPt(EH) (PCy 3 ) 2 1 appear to be stable 
in solution [compare with the reactivity of the dihydride 
platinum(II) complex towards chloroform, methylene chloride etc.] 
PCy3 	 PCy3 
HSN ,PF2S 	
very  
HPF 2S + HS 	t— 	fast> H N u 	fast H-1't—PF 
PCy 3 	 PCy 3 	 PCy3 
No sign of the Pt(IV) intermediate was visible, although the 
pattern of the resonance would have been quite distinctive as 
a narrow doublet with 195 Pt satellites with a coupling of 
1800 Hz or thereabouts. Associated with this signal would 
have been the signal from the PF 2 S group, typically to high 
MIC 
frequency, exhibiting a wide triplet (from the 1PF 
narrow triplets (from 2J) with 195Pt satellites. It was 
not possible to see any signals with new chemical shifts and 
coupling constants. 
The proton spectra obtained were of poor quality, again 
suffering from the presence of solid matter in the solution. 
Signals were, however, visible in the hydride region, which 
may be due to Pt(IV) six-coordinate species, possibly those 
expected. The data have been tentatively applied to the 
intermediates, but, due to the very temperature-sensitive nature 
of the compounds, it was not possible to run any tube for 
more than one nucleus. 
The 19 F spectra showed no sign at all of any Pt(IV) 
species. The lack of these data could be ascribed to the 
difficulties involved with the low temperature system used on 
the spectrometer. 
The presence of the eliminated hydrogen sulphide and 
hydrogen selenide were proved by the appearance of sharp 
singlets at about 
The inability to observe fully the Pt(IV) intermediates 
relates strongly to the reaction of H 2  with HPt(PEt 3 ) 2 X 
('X = Cl, Br, I), in which the characterisation of the 
(18) analogous species was incomplete 	. (In the reactions of H 2Se 
with HPt(PEt 3 ) 2 X, however, the Pt(IV) intermediates were 
detected and fully characterised). 
The two systems are very similar, and it is possible 
that the energy gained by forming H 2  S and, particularly in 
the presently studied reactions, the stabilization caused by 
relaxation of the steric interactions strongly favour 
the reductive elimination process. In the case of H 2 Se, 
although H 2 Se is a fairly stable molecule, the majority of the 
potential energy lost must be through the relaxation of the 
strain (caused by the alkyl groups). This feature is 
exemplified by the ability of HPt(PEt 3 ) 2 X to form H 2Pt(PEt 3 ) 2 - 
(SeH) 2 and (HSe)2Pt(PEt3)2 (18) 
	Again, the steric control 
caused by the bulky phosphine ligands is sufficient to 
prevent the more usual balance of bond strengths. The 
preference of platinum for retaining the PF 2E group may well 
be due to the high capability of this group to remove electron 
density from the metal. [This, incidentally, may explain 
why the Pt(II) complexes are so, stable with respect to the 
Pt (IV) species]. 
3.3.2 	The reactions of HPt(EH) (PCy 3 ) 2 with H 2  Y 
1(i) E = S; Y = Se; 	(ii) E= Se; Y = SI 
The reaction of HPt(SeH) (PEt 3 ) 2 with H2 Se provided the 
conrolex H 2 Pt(PEt 3 ) 2 (SeH) 2 , which then reductively eliminated 
hydrogen to give (HSe) 2 Pt(PEt 3 ) 2 . No analogous product, 
however, was detected when H 2  S was added to a solution of 
HPt(SH) (PEt 3 ) 2 . The addition of H 2  S to HPtX(PEt 3 ) 2 
gave the 
complex XPt(SH) (PEt 3 ) 2 with no appreciable concentration of 
H 2Pt(X) (SF1) (PEt 3 ) 2 ; with H 2 Se, HPtX(PEt 3 ) 2 gave, initially, 






'Et 3  
PEt 	 PEt 1 /X / H  
H—I + HSe—PH 
HS(J 
PEt 3 	 PEt3 











With the complexes HPt(SH) (PCy 3 ) 2 and HPt(SeH) (PCy 3 ) 2 , 
however, no additional species could be detected. The 
molecules also appear to be inert towards either H 2  S or 
H 2 Se present in the solution, as was shown when 0.04 mmoles 
of H2Pt(PCy 3 ) 2 were reacted with 0.03 mmoles of H 2S. The 
volatile material was pumped away, solvent readded to the 
solid and 0.04 mrnoles of H 2  Sewere added. The 31P n.m.r. 
showed that the two molecules were distinguishable, the 
ratio of their abundancies being 3:1 (hydrosuiphido to 
hydroselenido), as the 1  1 	 of the SH complex is 30 HzPtP 
greater than the SeH complex. 
All the peaks were sharp, at all temperatures, and the 
intensities of the resonances due to the two complexes in the 
same reaction system showed no change after standing in solution 
at room temperature for a week. This appears to imply that 
the Pt(II) complexes have very similar properties, and 
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TABLE 3.3 
Nmr parameters from the reactions of HPt(EH)(PCy3 ) 2 E = (S. Se) 
'' Jc Jp4 t LTHP 
H2 Pt(SH)(PF 2 O)(PCy 3 ) 2 
 
n. o. —6.78 n.o. 742 265 22 47 
H 2 Pt(SH)(PF 2 S)(Pcy 3 ) n.o. —8.24 n. o. 763 263 n. r. n. r. 
H 2 Pt(SH)(PF 2 Se)(PCy 3 ) 2 36.1 —8.59 1702 778 268 14 33 
H 2 Pt(SeH)(PF 2 O)(Pcy) n.o. —6.79 n.o. 700 257 14 47 
H 2 Pt(SeH)(PF 2 S)(PCy) species postulated but not detected 
H 2 Pt(SeH)(PF 2 Se)(PCy 3 ) 2 n.o. —8.59 n.o. n.r. 270 30 62. 
No 	19F 	data obtained, 	due to the 	extreme thermal 	sensitivity of these 	species. 
5 1H 	refers to the 	hydride trans to P no signals detected below 
values 	in 	ppm, 	correct to 0.02 ppm, 
31 
P 	values 	in 	ppm, 	correct 	to 0.1 ppm 
J Values in H correct to + 1 H 
z 	 - 
No 1 JPF values observed 
n.o. 	Not observed 
n.r. 	Not resolved 
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appear to be thermodynamically inert to the presence of excess 
H2 E. 
This behaviour differs from the reaction of H 2 Se with 
HPt(SH) (PEt 3 ) 2 , as the complex H 2 Pt(SH) (SeH) (PEt 3 ) 2 is 
formed which rapidly eliminates H 2  S to give HPt(SeH) (PEt 3 ) 2 . 
This, in way of comparison, accentuates the effect of the 
bulky tricyclohexyl phosphines. 
	
3.3.3 	The reactions of HPt(EH) (PCy 3 ) 2 with SiH 4_ 
The 31P spectra showed that no Pt(IV) species were 
formed and that no exchange had occurred. This observation 
shows that SH and SeH are behaving very similarly to halide 
groups in this type of molecule, as was demonstrated earlier. 
Some of the reactions of HPt(PF2 S) (PCy 3 ) 2 and 
HPt (PF2 Se) (PCy 3 ) 2 
3.4.1 	With SIH 4 , H 2 S and H2 Se 
In the previous two sections in this comparative study 
((i) and (ii)), it has been shown that whilst H 2  S and H 2 Se 
will eventually displace silane from HPt(SiH 3 ) (PCy 3 ) 2 , SiH 4 
will not displace H 2  E from HPt(EH) (PCy 3 ) 2
. Thus, as HPF 2Y 
will displace SiH 4 or H 2  E from HPt(SiH 3 ) (PCy 3 ) 2 or 
HPt(EH) (PCy 3 ) 2 respectively, the indication was that SiH 4 , 
H 2 S, or H 2 Se would not displace HPF 2Y from HPt(PF 2Y) (PCy 3 ) 2 . 
The 31P 1H} spectra showed no new species at any 
temperatures between 183 K and 303 K, and the Y atom (in the 
' 2 Y group) appears to be stable to attack from the added H2E. 
3. 4. 2 	With HI, HBr and HC1 
HPF2 S and HPF 2Se are known to be fairly strong acids, 
- 	- 	(32) giving rise, in exceptional circumstances, to PF 2S and PF2 Se 
In strongly acidic media, however, they prefer to remain as 
the free acid, or, if a suitable substrate is available, as 
the complexed ligand. As mentioned previously, they have the 
ability to displace H 2  S and H 2 Se, both weak acids, and SiH 4 , 
in this system. (It must not be forgotten, however, that large 
steric restraints apply to this system, which tend to accentuate 
some of the differences involved. In other systems, selenium 
and sulphur can form strong and kinetically inert bonds to 
(26) platinum, as in dithiocarbamates 	, selenothiocarbamates, mono 
and dithio esters 27 , sulphur bridged systems etc.). In 
comparison to the hydrogen halides,.however, the PF 2E - group 
may well be displaced. 
31 The 	P{ 1H} n.m.r. spectra showed that, for HBr and 
HI, Pt(IV) complexes were formed at low temperatures (below 
213 K) . The new species gave a narrow doublet, at low 
frequency, with 195 Pt satellites, and a high frequency widely 
spaced triplet of narrow triplets, also, with 195  Ptsatellites 
(although these 	31 latter 	P resonances were often weak, and 
in some cases were indistinguishable from the background noise). 
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TABLE 3.4 
Nmr data of the products of the reactions of HPt(PF 2 E)(PCy 3 ) 2 E = S. Se 
	
3' 	1 S1p 	D J-PEP AP, 
A 
j 
H 2 P 	P 1 F 2 S)(8r)(PCy 3 ) 2 	 31.16 	169.31 	1595 n.r. 1133 
H 
2 P 
	(P 1 F 2 S)(I)(PCy 3 ) 2 	 27.16 	n.o. 	1597 n.o. n.o. 
H 
2 
 P (P 1 F 2 Se)(Br)(PCy 3 ) 2 	 30.15 	180.30 	1604 	1973 	1216 
H 
2 
 P (P 1 F 2 Se)(I)(PCy 3 ) 2 	 25.70 	n.o. 	1604 	n.o. 	n.o. 
Due to the low thermal stability of these complexes, no observed 1 H or 19F data were collected. 
measured in ppm, correct to 	0.02 ppm 
values measured in H, correct to + 2H 
n.o. 	Not observed 
n.r. 	Not resolved 
Unfortunately, the 19F and 
1  H spectra gave weak signals, 
which were sometimes obliterated by the background noise, 
as the six-coordinate intermediates were rather less soluble than 
the Pt(II) species, and reduced the resolution. 
As the reaction solutions were warmed, the concentration 
of HPt(PF2E) (PCy 3 ) 2 decreased, with the formation of 
HPtX(PCy 3 ) 2 and a small amount of H 2PtX2 (PCy 3 ) 2 . The 
concentration of the new Pt(IV) complexes (assigned the 
formula H2Pt(PF2E)X(PCy 3 ) 2 ) fell until, at 263 K, they 
disappeared. 
An interesting feature was that the solution contained a 
substantial amount of HPt(PF 2E)(PCy 3 ) 2 at room temperature, 
which gradually decreased on standing at room temperature, 
but was still present after a month. This is probably due to 
the formation of an equilibrium mixture as this same result 
was observed in all four cases where reaction occurred. 
The addition of HC1 to a solution of HPt(PF 2E) (PCy 3 ) 2 
produced no new Pt(IV) species. The lack of any displacement 
reaction was confirmed by the absence of a signal due to free 
HPF2E (which was produced in the reactions with hydrogen 
bromide and hydrogen iodide). This difference in the 
reactivity of the different hydrogen halides can be ascribed 
to the relative hardness or softness of the halogen, 
which would also explain the preference of platinum for 
bromine and iodine over chlorine, and explains the difference 
in the reactions of the hydrogen halides with the hydrido silyl-
his (tricyclohexylphosphine)platinum(II). In short, the 
reaction processes can be shown thus:- 
P Cy 3 	 P Cy 3 




P Cy 3 
P Cy 3 _I, 
H H-"i 
P Cy 3 
HX+ 
H 





+ HPF 2E 
A. 	Some Conclusions 
The major distinguishing feature of these reactions, 
particularly when compared with the previous surveys in this 
field, is the effect of the bulkiness of the tricyclohexyl-
phosphine ligands. The alkyl groups impose so much steric 
constraint that only dihydridodihalo Pt(IV) species are 
thermally stable at ambient temperatures, and the majority 
of those Pt(IV) species detected underwent reductive elimination 
at temperatures below 223 K. Study of these systems was 
generally hampered by the low solubility of the Pt(IV) 
species at temperatures below 213 K. Attempts to ease the 
resolution problem by reducing the amounts of material used 
for each reaction resulted in weak solutions, giving a similar 
(and in most cases, worse) signal-to-noise ratio. 
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The presence of the two hydride ligands in the starting 
material seemed to enhance the reactivity of the Pt(II) 
material towards oxidative addition so much that the initial 
reaction was complete at 183 K. The subsequent reductive 
elimination, however, where the nominally anionic part of the 
first addend lay to the left of that of the second addend. 
The presence of both relatively basic phosphines and 
hydride ligands increases the electron density at the metal 
centre, thus decreasing activation barriers to oxidative 
addition and resulting in rapid addition (in comparison to 
other platinum phosphine complexes) at 183 K. 
The phosphines aided towards the oxidative addition 
in that they lowered electronic activation barriers, but, 
because of their high cone angle, the tricyclohexyl groups 
caused severe steric strain in the six-coordinate platinum(IV) 
species. Therefore, once the intermediates had been formed, 
the ensuing reductive elimination process was correspondingly 
rapid at this low temperature, in most cases, thus producing 
substantial amounts of the Pt(II) product by the time that 
31 P n.m.r. observation had produced the first spectra. 
The high trans-influence of the hydride ligand played an 
important role in these studies, enhancing the reductive 
elimination from the trihydride-Pt(IV) species and the 
intermediates detected in the second group of reactions 
(which gave a similar net exchange reaction) , but where the 
Pt(Iv) complex contained trans-hydrides, these latter 
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resonances were shifted to higher frequency, and, in most 
cases, were obliterated by the alkyl proton resonances. This 
feature proved to be frustrating, for a number of reasons. 
The most significant of these was that it was impossible to 
prove directly that, with the Pt(IV) "trihydrides", the 
trans dihydrides were present, either through direct observation 
or by selective decoupling of the alkyl protons. Attempts 
to produce samples containing deuterium proved to be of 
little use, as no 
2  H signals from these samples could be 
obtained. 
In the second section of the reactions of the dihydride, 
where the second addend was lower in the series than the first, 
the general reaction can be summarised in the following 
equations: - 
If 
HPt(X) (PCy 3 ) 2 + HY 	> [H2Pt(X) (Y) (PCy3)21 (2) 
	
HPt(Y) (PCy 3 ) 2 
+ HX 
then 
HPt (Y) (PCy 3  ) 2 + HX (3)> 
	[H2Pt(X)(Y)(PCy3)21 
Reaction (3) is the theoretical reverse of reaction (2) 
but reaction (3) does not occur. This appears to suggest that 
the reaction is controlled by the unfavourable thermodynamics 
of reaction (3) in relation to process (2). The remainder of 
the reaction depends on the rate of reaction (2) , as no case 
gives any evidence of remaining starting material, or, 
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reaction (2) is the kinetic control. In some cases, as with 
H 2  S and H 2 Se as the first addend, reaction (2) appears to 
proceed at a similar rate to reaction (1), with the result 
that the Pt(IV) intermediates were generally not seen, and 
the overall K for reactions (1) and (2) was large. 
To observe the postulated Pt(IV) intermediates, the 
temperature of the solution must be kept low, so that the 
kinetic factors become substantial enough to greatly affect 
the rate of reductive elimination involved the sequential 
oxidative addition of one addend to the dihydride, followed by 
reductive elimination of hydrogen, followed then by addition 
of a second addend to the Pt(II). solution. A series of 
these reactions was carried out, and, on the basis of the results 
an order of displacement was drawn up. In the following 
series, I = Br > PF 2 Se = PF2S = PF 2 O > SeH= Se > Cl > SIH 3 > H 
any ligand to the left of a particular second ligand will 
displace the first ligand from the Pt(IV) intermediate. It is 
assumed that all the reactions in this section produced a 
six-coordinate Pt(IV) intermediate, even though some of these 
latter remain undetected. 
It is worth noting that whilst the Pt(IV) complexes 
H 2 Pt(PCy 3 ) 2 (EH)PF 2Y (E = S, Se; Y = S, Se) behaved 
differently for different E or different Y; attempts to 
displace EH with E 1  H or PF 2Y with PF2Y1 (from HPt(PCy3 ) 2 EH 
or HPt(PCy 3 ) 2 PF2 Y respectively) were not successful. 
Another feature, which confirms the displacement order given 
above, was that no six coordinate Pt(IV) species were 
detected inWigSe cases. 
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SUMMARY OF DOUBLE REACTIONS OF H2P (PCy 2 
2nd Adderd 	1st Addend -' 
SiI-14 
	H 2 S 	
H2Se* 	I-IPF2O 	HPF2S 	HPF2*Se 
SiH4 x x 
H 2 S / X X - X X 
H
2  Se / X x  Xi 
lIPF2O 
HPF2S - 	J / / X X 
EIPF2Se / JI -- Vt X 	X 
HC1 X 	X XJ O + 	 + 
RBr T + 	 + // 	// 
HI 
X = No reaction 
+ = Reaction not performed 
0 = Rearrangement 
/ = Pt6 coordinate detected 
sAt = More than one Pt (IV) speciesdetected. 
* Reactions with Se as part of the first addend often proved to give 
intermediates with very short lifetimes. 
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5. 	Some' 'reactions of HPtC1(PC7 3 )' 2_ 
5.1 Introductory 
In considering this material, the reactions could be 
considered as a continuation of the previous section. 
However, it is possible that because of the steric constraints, 
the reactions will exhibit ionic character. The previously 
studied reactions appear to support this in that the complex 
behaves in an inert fashion towards simple silyl and germyl 
compounds 	, compounds well known to react with other, 
less hindered platinum complexes. 
Thus, although a total separation of charge is unlikely 
in the early stage of the reaction, some charge separation 
must occur, as the bulkiness of the alkyl substituents on 
the ligands will tend to prevent close approach of the nucleophil 
which might displace the chloride from the platinum centre. 
Materials that have given interesting reactions with 
HPt(PEt 3 ) 2 Cl to produce novel species by chloride exchange 
(displacement) are (i) HPF2S (25), (ii) (SiH3)2S (5) 
(disilyl sulphide) and (iii) H2PSiMe'3 (30)  (trimethylsilyl- 
phosphine) . The species formed between HPt(PEt 3 ) 2 Cl and each 
of these were Ci) HPt(PEt J ) 2 PF2 S, (ii) HPt(SSiH 3 ) (PEt 3 ) 2 
and (iii) HPt(PH 3 ) (PEt 3 ) 2 . Each of these species have been 
well characterised, and, in the case of the last of these 
complexes, the species has been the starting point to give 
bridged diplatinum species, which' then react further with 
other reagents (for example, hydrogen halides, silyl halides, 
HPF2 S etc.) , to cleave the bridge, giving "mononuclear" species. 
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In view of some of the unexpected reactions of the 
dihydride complex and its derivatives, some deviation from the 
published reactions with HPt(PEt 3 ) 2 C1 can be expected for 
the reactions of HPt(PCy 3 ) 2 C1. Variations in the reactions 
of each of the small molecules mentioned above may give us 
more insight into the mechanism of the displacement reaction. 
5.2 	The reaction of HPt(PCy 3 ) 2 Cl with HPF2 S 
This reaction can be considered as the reverse of the 
reaction of HPt(PCy 3 ) 2PF2Swith HC1. This latter system 
showed no sign of chemical change, implying either that the 
equilibrium constant favoured the formation of HC1 and 
HPt(PCy 3 ) 2 PF2 S, or that there were kinetic barriers to reaction. 
The 31P{ 1H} n.m.r. spectra of a solution containing 
HPF 2 S and HPtC1(PCy 3 ) 2 showed that no Pt(IV) species had been 
formed that were stable enough to be observed. The spectra 
gave signals from two metal complexes; HPt(PCy 3 ) 2 C1, and 
the product, HPt(PCy 3 ) 2 PF 2 S. The identity of the product 
was verified by its n.m.r. parameters; also by running 31 
n.m.r. spectra while retaining coupling to the metal hydride 
resonances, it was shown that the coordinated fluorinated 
phosphine was trans to a hydride. The HPF 2S was not totally 
consumed after reaction for half an hour at room temperature, 
but, on standing at room temperature for longer periods of 
time, the 31P n.m.r. spectra showed that the signal from the 
starting materials gradually diminished, giving more product. 
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Total conversion of the starting materials was not observed, 
although heating the reaction mixture for prolonged periods 
of time may well achieve this. No further reaction was 
detected. 
This reaction exhibits a few differences from that already 
reported of HPF 2 S with HPt(PEt 3 ) 2 C1. In this latter system, 
the process involved the formation first of H 2Pt(PEt 3 ) 2 (PF2 S)Cl, 
which either lost HC1 reversibly forming HPt(PEt 3 ) 2 PF2 S, or 
lost H 2 irreversibly giving C1Pt(PEt 3 ) 2 PF2 S. The first 
stages of the reaction proceeded fairly rapidly at 223 K so 
that none of the starting materials were present at that 
temperature. 
It is fairly clear, from the previous results, that 
steric effects are much more significant with the cyclohexyl 
groups crowding the equatorial positions of the platinum 
centre. Since HPF2 S reacts much more slowly in this case 
than with the triethyl phosphine complex, it seems to follow 
that (i) if a Pt(IV) intermediate is formed with HPt(PCy 3 ) 2 Cl, 
then the formation of this intermediate is the rate determining 
step and the subsequent reductive elimination is so rapid that it 
does not exist long enough in sufficient concentration to 
be observed, or(ii) the steric crowding about the Pt(II) 
centre keeps the HPF2 S far away from the Pt centre so that 
reaction must involve a highly polarized "long range" 
intermediate, as shown below. 
MUFM 
PCy 3 
H—Pt----Cl + HPF 2S • 
P Cy 3 
PCy 3 	 PCy3 
H—Pt+ 5+H' - H—Pt— PF S 
+ HC 
PCY3 	 PCy3  
The possibility of a completely ionic process cannot be 
discounted, although it is very unlikely to occur, as there 
is no apparent source of energy to cause the ionization of 
the platinum. 
The exact mechanistic details cannot be determined from 
this cursory study, but suggestions as to finding the answers 
to such questions could include studies with DPF 2 S and 
HPt(PCy 3 ) 2 C1; with HPF2 S and DPt(PCy 3 ) 2 Cl; use of rather 
less bulky phosphines, for instance, HPt(PPh 3 ) 2 C1 or 
HPt(PCyPh2 ) 2 Cl etc. Whichever mechanism is the true pathway, 
several studies will have to be performed. It is quite possible 
that the process does occur by way of a six-coordinate 
intermediate, but the lifetime of this latter is too short 
to permit observation. 
5.3 	The reaction between (S1H 3 ) 2 S and HPt(PCy 3 ) 2 Cl 
The reaction between disilyl sulphide and chiorohydro-
bis(tricyclohexylphosphine)platinum(II) was a slow process, 
as there were no new signals in the 31P{ 1H} spectra until the 
temperature had reached 273 K. (Observation commenced 
at 183 K, and the temperature was gradually raised) . However, 
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leaving the reaction mixture for two weeks at room temperature 
caused the new signals (seen in minute quantities during the 
original observation) to increase, so that the associated 
could be measured from the satellites. The exchange 
continued until all the HPt(PCy 3 ) 2 C1 had been consumed, and 
had been replaced by the new species. The resonance appeared 
at a slightly lower frequency than the starting material, 
and was due to a four-coordinate platinum(II) species (on the 
basis of the J) . The structure of the new species was 
taken as that below:- 
P Cy 3 
H 	Pt 	S 	SiH3 
PCy 3 
The molecular structure is designated as such on the following 
basis. The 31P chemical shift of the complex is to lower 
frequency than that of HPt(PCy 3 ) 2 SiH 3 , and an oxidative 
addition to give H2Pt(PCy 3 ) 2 (SiH 2 SSiH 3 )Cl is unlikely to occur 
(by analogy of attempts to add silyl halides to HPt(PCy 3 ) 2 Cl). 
The possibility that complicated exchange processes have 
occurred to give HPt(SiH 2 C1) (PCy 3 ) 2 can be likewise ruled out, 
as the parameters of the 31P nuclei in the latter complex 
do not agree with the values obtained in this study. 
CIRRIM 
Further evidence that the chloride had been exchanged 
was obtained when the hydridic proton resonances were obtained 
whilst observing the phosphorus nuclei, as the 31P was split 
into a narrow doublet, with the 195Pt satellites reflecting 
this coupling as well. 
Unfortunately, the hydride resonance of the new species 
could not be detected directly as only one resonance, that 
of the starting material, was visible. The higher field 
resonances due to S1H 3 protons occurred at 63.2. However, 
the peak was poorly defined, revealing very little structure, 
but was assigned to silane. 
5.4 	The reaction of HPtC1(PCy 3 ) 2 with 1i2 PSIMe 3 
5.4.1 	The n.m.r. spectra 
The 31P n.m.r. spectra showed that, at low temperature, 
203 K, reaction had occurred, consuming all the chloride 
starting material. The spectrum at this temperature gave 
two signals, the low frequency resonance (6-135.7) showing a 
195 narrow triplet coupling (22 Hz), with 	Pt satellites at 
a spacing of 1706 Hz. The higher frequency resonance (636.6) 
also showed a narrow doublet coupling of 22 Hz, and these 
peaks were each roughly double the height of the central 
resonance of the low frequency peaks; the higher frequency 
peaks also showed 195Pt satellites of 2403 Hz coupling, 
signifying a Pt(II) species. These signals, from their 
narrow couplings, and their apparently related intensities, 
were assigned to the same molecule. 
-110- 
 TABLE 5 
Nmr parameters for HPt(P 1H2 )(PCyj2 
S31 P -T"" fpp' Jpp' JHP' 
36.31 -135.73 n.o. 2403 1706 23 162 350 
Nmr parameters for HPt(SSiH 3 )(PCy3 ) 2 
S3'P JFP 
36.31 2721 n. o. 
Values given in ppm, correct to ± 0.02 ppm. 
Values given in H, correct to + 2H. 
n.o. Not observed. 
36 
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The identity of the low frequency signal was confirmed 
as belonging to a PH2 group, when non-alkyl proton couplings 
were retained, as the signal split into awide 1:2:1 
triplet, whilst retaining their narrow doublet due to 
The spectrum showed possible further structure, but the peaks 
became noisy so that the 195 Ptsatellites were only visible 
as bumps in the baseline. The additional couplings observed 
under these conditions were assigned to (1) 1  1 PH  (a wide 
triplet) and (ii) 2PH'  a narrower doublet, arising from a 
trans hydride. The tricyclohexyl resonances were indicative 
of a Pt(II) species, so, it is reasonable to suppose that 
the reaction occurred as follows: 
PCy 3 	 PCy3 
H 	!'t 	-ci + H2 PSiMe 3 - H 	Pt 	PH2 + Me 3SiCl 
P Cy 3 	 P Cy 3 
The complex is reasonably stable, as solutions of this species 
give sharp resonances at temperatures up to 273 K, but above 
this, the resonances broaden so that all the structure on the 
peaks is lost. Re-cooling the solution sharpens the peaks 




The less sterically crowded complex HPt(PEt 3 ) 2 PH2 could 
not be detected, as the lone pair on the PH 2 phosphorus 
displaced the chloride - from another molecule of the platinum 
-112- 
starting material to give a binuclear ionic species' (30 
PEt 3 
H—Pt—Cl Me3SiPH2 H 
PEt 3 
PEt3 + Me3SiCl PEt3 







PH 2 —Pt —H Cl 
PEt3 
Attempts to observe the XL100 proton spectra were affected by 
noisy background, although why this should be the case is 
uncertain. 
The difference in the bulk of the phosphine alkyl groups 
in the system described in this thesis is sufficient to prevent 
this coupling reaction. Aging the solution, at all 
temperatures, caused a gradual decomposition, which resulted 
in a strong signal at 6+9, which was assigned to free 
tricyclohexyl phosphine. A pale brown solid was also present, 
which may be polyphosphines formed from dissociation of the 
Pt-PH 2 bond. 
The mechanism of the decomposition process is unknown, 
but the strong trans influence of the proton attached to the 
platinum cannot be discounted. A new platinum-tricyclohexyl-
phosphine complex was detected, but, although no new low 
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frequency signals could be detected, a narrow triplet coupling 
of 22 Hz could be discerned. This coupling seems to be due to 
a cis 2 J 	 but in this case, two 31P nuclei seem to be cis 
to the tricyclohexylphosphine. The species was never very 
prominent, as 195  Ptsatellites could only be tentatively 
assigned, but it may well have been an intermediate in the 
general decomposition. In view of the steric need for the 
platinum species to retain one hydride in the tricyclohexyl-
phosphine systems, it seems possible that one tricyclohexyl-
phosphine ligand has been released from the major product. 
Although it may seem odd for the complex to dissociate one 
of the trialkyiphosphines, certainly large amounts of tricyclo-
hexyl phosphonium salts were seen as a pale yellow solid, 
floating on the surface of the. solution at the end of the 
reaction. 
The processes described, in the two paragraphs above occur 
only above 273 K or thereabouts, as the initial products can 
be warmed to 253 K without signs of deterioration, although 
the best spectra were those obtained below 223 K. 
The terminal phosphido group has been shown to be able 
to coordinate to a second metal centre, or, indeed, any Lewis 
acid. The alkyl groups on the phosphines have caused severe 
interaction in the chemistry of - the complexes observed in 
this study, preventing some reactions (in comparison to less 
sterically affected complexes) and altering other well-known 
reactions. It would be interesting to investigate potential 
bridge-forming reactions in order to try and define the limit 
of steric interference. 
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6. 	Some reactions of HPt(PH 2 )'(PCy 3 ) 2 
6.1 	Reaction with B 2 H 6 
The sample of HPt(PH 2 ) (PCy 3 ) 2 was generated in situ in the 
n.m.r. tube, by allowing the reaction of H 2 PSiMe 3 with 
HPtC1(PCy 3 ) 2 to react at -46 0C for one hour. A sample of 
diborane was then condensed into the reaction, and the tube 
was then sealed and ready for measurements to be taken. 
The 31P n.m.r. spectra consistedof several peaks 
showing that the ensuing reaction was complex. One of these 
resonances appeared at -27, indicating that a H 3B-P species 
had been formed, although the peaks were not well defined. 
All the signals were broad, and remained so from 183 K to 
228 K. At 243 K, however, the peaks sharpened, and resolved 
into four peaks of roughly equal intensity, with smaller, 
offset peaks within the multiplet. The species giving rise to 
these resonances appears to be a borane-phosphine adduct, although 
31 
with a P chemical shift of -26, it is difficult to ascertain 
its identity; the peak separation was, averaged, about 
24 Hz, but showed no 195Pt satellites. 
The signal from the metal phosphido group moved from6-137 
to 6-48 , indicating a reduction in electron density at the 
31 
nucleus. The signals remained fairly sharp, but not sharp 
enough to resolve a narrow coupling. 
As might be expected, the PCy 3 region remained largely 
unaffected, although a small amount of free PCy 3 gave a 
broadened peak, at 69. This broadening, with no change in the 
chemical shift, appears to indicate exchange processes, with 
very loosely bound borane. 
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Two new, sharp singlets appeared at 671 and 6-81, but 
no rationalization could be produced for either signal. 
Some temperature dependence was shown in that the 
peaks at 6-81 and 6+9 sharpened on cooling at 183 K, but 
became broad again at 243 K. However, on raising the 
temperature to 263 K, the reaction became confused, producing 
three distinct platinum tricyclohexylphosphine species, each 
with a. unique phosphorus nucleus cis to the tricyclohexyl 
phosphines. 
The low frequency region of the spectrum showed no 
resonances that could be clearly assigned to HPt(PCy 3 ) 2 PH2 
or HPt(PCy 3 ) 2 PH 2 .BH 3 . As no useful information could be obtained 
from the 31p spectra,'and the reaction was obviously quite 
11 	 1 
i complicated, t was felt that B spectra or H spectra 
31 would be of little use. The resolution of.the 	P spectra 
had deteriorated by this stage, caused, no doubt, by the 
precipitated solids, attributed to polyphosphines. 
The reaction proved to be disappointing in that no 
simple adduct was detected, although the approach of the 
BH 3 was probably hindered by the alkyl phosphines. 
6.2 	The reaction of HPt(PCy 3 ) 2 PH 2 with HPt(PCy 3 ) 2 C1 
Despite the failure in the reaction of HPt(PCy 3 ) 2 PH 2 
with B 2 H 6  to produce new species, it was decided to attempt to 
form a binuclear bridged species. In the reaction of 
HPt(PEt 3 ) 2 C1 with H 2 PSiMe 3 , the complex produced was the 
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binuclear species, so it was decided to react HPt(PCy 3 ) 2 C1 
with H2PSiMe 3 with a ratio of 2:1. 
The 31P spectra indicated that no binuclear species 
had been formed. Signals due to HPt(PCy 3 ) 2 PH2 and 
HPt(PCy 3 ) 2 C1 were both detected. The proportion of 
HPt(PCy 3 ) 2 C1 in solution increased as the temperature was 
raised; this phenomenon appeared to be quite reversible. 
The remainder of the 31P n.m.r. spectrum was unaffected by 
temperature. No new species were detected. 
The dichioromethane solution was found to be conducting, 
under nitrogen, at room temperature, which may have been due 
to HC1 in solution. 
6.3 	 The reaction of HPt(PCy 3 ) 2 PH2 with HPt(PEt 3 ) 2 C1 
The previous reaction did not product any bridged 
species. This failure, in comparison of the ease of formation 
of the less hindered, previously reported binuclear species, 
was attributed to the extreme bulkiness of the alkyl phosphines. 
Thus, to reduce the steric interactions, a less sterically 
affected complex was used, in fact, the very same complex 
that gave the bridged species. 
The 31p n.m.r. spectra showed that no reaction had taken 
place until the solution had been brought up to room temperature. 
After the tube had been fully thawed and shaken for a few 
seconds, the spectrum showed that a complex reaction had 
occurred. Several platinum-phosphine species had been formed, 
but there was no clear indication of any bridged species. 
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The PH 2 region was of low intensity and consisted of several 
confused peaks. It was thought that a statistical 
redistribution of the alkyl phosphines had occurred, thus 
relieving the strain caused by two PCy 3 groups, with 
replacement at one of these by PEt 3 group(s). 
/ 
6.4 	 Reaction between HPt(PCy 3 ) 2 PH 2' and AgIPEt 3 
This constituted a final attempt to form a bridged species. 
The choice of the metal complex to be used in conjunction with 
the platinum complex was governed by the small size of the metal 
atom. It was hoped that the -PH 2 group would displace the 
iodide, to give a cationic species, allowing a reasonably 
strong interaction between the PH 2 lone pair and the 
(nominally cationic) Ag centre. 
The 31P spectra were not well resolved, but the number of 
peaks in the alkyl phosphine region was few, in contrast with 
the previous reaction. The resolution was poor due to the 
deposition of a solid soon after the solvent had been thawed. 
31 P chemical shifts are to be found in Table 
Two sharp doublets were observed in the trialkyl 
phosphine and were assigned to the AgPEt 3 phosphine. The 
narrow doublet may have been due to another phosphorus nucleus, 
but the structure associated with this nucleus is uncertain, 
as the peaks in the PH 2 region were very broad. 
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The rest of the spectrum was very broad, apart from a 
singlet at 6+83, but this did not show 195  Ptsatellites. 
This may have been due to Et 3PO. 
It appears that the decomposition processes are 
favoured by the PH 2 species, giving rise, probably to 
polyhosphines. This is unfortunate, but it seems that 
the tricyclohexylphosphines are capable of preventing most 
electron pair acceptors from proximal approach. 
	
7. 	The X-Ray crystal structure of HPt(PCy 3 ) 2 PF2 S 
7.1 	Description 
This was determined from a single, colourless crystal, 
which was triclinic in form. The importance of the structural 
details are in the comparisons that can be made between this 
structure and that of trans ClPt(PF 2 S) (PEt 3 ) 2 . There first 
follows a description of the structure of the tricyclohexyl 
phosphine complex. 
The point group symmetry of the molecule is C1 , as there 
are no planes of symmetry within the molecule. There is, 
however, a pseudo mirror plane which relates the P-C bonds 
of the tricyclohexylphosphines, although this symmetry does 
not involve the C-C bonds or the PF 2 S group. The heavy atom 
skeleton of the molecule is very close to planar, the 
maximum dihedral angle outwith this plane being 20 . 
The cyclohexyl. groups have a large effect on the 
structure, causing a marked deviation of the PtP 3 angles from 
90 ° . The angle at platinum between the two alkyl phosphines 
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0 	 0 is 158 , representing a 22 deviation from the true square. 
This deviation is 12 0  more than that found for the PPtP angle 
(for trans alkyiphosphines) in C1Pt(PEt 3 ) 2 PF2 S, where the 
angle is 1700.  Two very close non-bonded contacts are noted, 
between cyclohexyl protons and fluorines of the PF 2 S group, 
of 245 pm. There is also a close intermolecular contact 
between the protons on the cyclohexyl rings of one molecule 
and the fluorines of the neighbouring molecule. 
The crystal space group is P1, so there are no associated 
lattice symmetry operators. This contrasts with the structure 
of C1Pt(PF2S) (PEt3)2 25 ,6rjhtorthorhombic crystal 
structure shows a 2-fold screw axis along the Pt-Cl bond. 
One major feature of interest is that the lengths of all the 
Pt-P bonds are equal (within the limits of the quoted 
standard deviations) at 229.6(2) pm. The Pt-PR 3 distance 
is less, by 4.2 pm, than in PtC1(PEt 3 ) 2 PF2 S, whilst the 
Pt-PF2S bond is 8.1 pm longer in the PCy 3 complex than in the 
PEt 3 complex. The changes in the bond lengths can be 
explained in terms of three factors: (i) the cis- and trans- 
influences of the hydride are higher than those of the chloride; 
(ii) tricyclohexyl phosphine is slightly more basic than 
triethyl phosphine and (iii) the related steric effects of the 
close contacts between the alkyl groups and the PF 2S might 
lead to a lengthening of the Pt-PF 2 S bond in the tricyclohexyl 
phosphine complex. The trans influence of the hydride has-
been shown to cause an increase in platinum-chlorine bond 
lengths of up to 14 pm in relatively uncrowded systems. This 
explains the long Pt-PF 2 S bond length in the hydride complex. 
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7. 2 Discussion 
Another way of looking at the bonding between platinum 
and the PF 2S group is by using the canonical forms which are 
given below: 







If the sulphur carries the negative charge of a permanent 
dipole, then the PF 2 S group can be considered (as far as 
localised electrons are concerned) as being bound to platinum 
in the same way as PF2 C1, through a dative covalent bond, 
whereas, in the much less dipolar form, with a P-S double 
bond, the PF 2 S is bound to platinum in a similar fashion to 
chloride ion. Thus, both the length of the P-S bond 
(indicating its bond strength) and the length of the Pt-P 
bond should give an indication of the bonding within the 
molecule. Considering the P-S bond lengths in other PF 2 S 
species would give a qualitative view of the bond order in the 
subject species. 
e. g. 
Br 	 H 
	
H 
r(P-S) 	188.1(3) pm 	187.6(7) pm 	202.2 pm 
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The value (of r(P-S)) for HPt(PF 2 S) (PCy3 ) 2 is 192.0(4) pm, 
which is less than that found in C1Pt(PF 2 S) (PEt 3 ) 2 of 
195.0(11) pm.rocomparison of the values for the platinum 
complexes, it seems that the cyclohexyl species has a P-S bond 
which is quite close to double in character. This corresponds 
to the covalent model of the above canonical forms, i.e. the 
right-hand form, and should therefore be accompanied by an 
increase in the Pt-P bond length (any 'electrostatic' 
attractions arising from charge separation), as is indeed found. 
The bond angles in the PF2S group can also give 
guidelines as to the character of the P-S bond. Again, if 
the PF2S-group is bound as PF 2S - rather than as in the third 
canonical form (abbve) , then the bond angles will be closer to 
those of PF 2 C1, whilst the converse is also true. 
The bond angles at the unique phosphorus group in 
HPt(PF2 S) (PCy 3 ) 2 are as follows, with the respective values 
for ClPt(PF 2 S) (PEt 3 ) 2 in parentheses. 
PtPF 	(i) 109.5 0 (112.3 ° ) 	(ii) 	110.2 0 (115.8) 
PtPS 	123.0 ° (114.7 0 ) 
Whereas the PF2 S-ligand in PtC1(PF 2 S) (PEt 3 ) 2 has pseudo 
C 3 , symmetry, however, it is much more distorted in 
HPt(PF 2S) (PCy 3 ) 2 , where the wide Pt-P-S angle is more 
consistent with the representation -PF 2=S, which agrees with 
the deductions based on the bond lengths. 
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Despite the difference between the two tricyclohexyl 
phosphines in the values of the torsion angle S-P-Pt-P, thereby 
indicating an asymmetric orientation of the PF 2 S group, the 
two F2P-Pt-P angles are very similar (100 
0  , 101 0), which 
contrasts with the 50  difference observed in the corresponding 
PPtP angles in C1Pt(PF 2 S) (PEt 3 ) 2 . This observation appears 
to suggest that the Van der Waal's envelope of the PF 2S 
group is symmetrical about the Pt-PF bond axis. 
It is difficult to make comparisons with other crystal 
structures as no other crystal structures of HPt(PR. 3 )2PF2E 
(E = 0, S 1 Se; R = alkyl, aryl) complexes have been 
published. Thus, relative extents of covalency in the P-E 
bond cannot be directly contrasted, although qualitative 
estimates can be obtained from n.m.r. chemical shifts and 
coupling constants. 	A crystal structure of ClPt(PEt2  Ph) 2 PF20 (3 L 
gave P-F bond distances of the same length as those found in 
PF3O, although the P-0 distance was greater, in the complex, 
than in PF 3O. This latter measurement, in the complex, 
appeared to indicate a bond order of close to two for P-0, 
a similar value as that for P-S in HPt(PCy 3 ) 2 PF2S. Further 
comparisons between ClPt(PEt 2 Ph) 2 PF2 0 and HPt(PCy 3 ) 2 PF2 S 
are difficult to make, in view of the stringent steric constraint 
and the high trans influence of the hydride ligand in the 
latter complex. 
The n.m.r. parameters for the series of compounds 
HPt(PCy 3 ) 2 (PF 2E) (E = 0, S, Se) and ClPt(PEt3 ) 2 (PF 2Y) 
(Y = S. Se) are compared in the table below: 
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HPt(PCy 3 ) 2PF2E 
	
C1Pt (PEt 3 ) 2 P'F2Y 
631P'1 ptp' 	 31r, 	 ptp' 
E = 0 	126.2 	2910 
E = Y = S 	224.0 	3290 	 222.0 	3032 
E = Y = Se 	238.0 	3276 
	
234.6 	2827 
It is interesting that the 'PF 2E chemical shifts for a 
particular E do not change significantly from one molecule to 
the other, whilst the coupling constants for the hydride 
species are somewhat higher than those for the chlorides. 
The magnitudes of one-bond coupling constants depend mainly on 
the s-electron character of the bond between the coupled 
nuclei. Thus, whilst the Pt-PF bond is lengthened in the 
hydride species, this lengthening cannot be due to a reduction 
in the s-electron character, but it may be related to 
if-interactions. 
It was not possible to synthesise the species 
t-ClPt(PCy 3 ) 2 PF2 E in this study, but, if subsequent attempts 
proved to be successful, one would predict a larger value for 
ptp(f) 	The steric hindrance, caused by the alkyl phosphine 
ligands, makes the Pt-Pf bond rather longer than in the 
chloride complex. This effect reduces the synergic "back 
bonding", thus reducing,to some extent, the electron density 
at the phosphorus. This, in turn stabilizes the doubly 
bonded P-S linkage with respect to the charge-separated P-S - 
grouping, thereby reducing the P-S bond length. 
-125- 
Several factors influence the geometry of the structure 
of the complex, but the predominant factor is obviously 
(from the R3PPtPR3 angle of 158) the steric hindrance 
caused by the phosphines. The heavy atom skeleton of the 
molecule is very close to being planar; there is no 
reason to assume that the hydride is significantly outwich 
this plane, but verification of this would probably require 
a neutron diffraction study of DPt(PCy3)2PF2S. 
-126— 
REFERENCES (for Pt Chapter) 
 E A V Ebsworth, V M Marganian, F J S Reed & R 0 Gould, 
JCS Dalton 1978 1167 
 J E Bentham, S Cradock & E A V Ebsworth JCS(A) 1971 587 
 J E Bentham & E A V Ebsworth JCS(A) 1971 2091 
 E A V Ebsworth, H M Ferrier, B J L Henner, D W H Rankin, F J S 
Reed, H E Robertson & J D. Whitelock, Angew Chem mt Ed 1977 (16) 
482 
 E A V Ebsworth, J M Edward & D W H Rankin, JCS Dalton 1976 1667 
 D H Gerlach, A R Kane, G W Parshall, J P Jessan & E L 
Muetterties, JACS 1971 (93) 3543 
T Yoshida, S Otsuka JACS 1977 (99) 2134 
 C A Tolman Chem Revs 1977 (77) 313 
 J A Pople & D P Santry, Mol Phys 1964 (8) 1 
 T G Appleton, H C Clark & L E Manzer Coord Chem Rev 1973 (10) 
335 
p G Leviston & M G H Walibridge J Organmet Chem 1976 (110) 271 
A Albinati, A Musco, G Carturan & G Strukul, morgan Chim Acta 
1976 (18) 219 
A Immirzi & A Musco, Inorg Chim Acta 1977 (22) L35 
M Green, J A K Howard, J Proud, J L Spencer, F G A Stone & C A 
Tipsis, J Chem Soc Chem Commun 1976 671 
F A Cotton & G Wilkinson Advanced Inorganic Chemistry 3rd Edn, J 
Wiley & Sons, 1972 
3 Turner, Final year honours project report, 1980, Edinburgh 
University 
J Chatt, R Mason & D W Meek, J Amer Chem Soc 1975 (97) 3826 
D W W Anderson, E A V Ebsworth & D W H Rankin, JCS Dalton 1973 
854 
I M Blacklaws, E A V Ebsworth, D W H Rankin & H E Robertson, JCS 
Dalton, 1978 753 
J Grosse, R Schmutzler, JCS Dalton 1976 405 
C B Colburn,W E Hill & D W A Sharp, Inorg Nucl ChemLett 1972 
(8) 625 
21 	J D Whitelock, PhD Thesis 1980, Edinburgh 
-127- 
22. D W W Anderson, 	E A V Ebsworth & D W H Rankin, JCS Dalton 1973, 
2370 
23. J G Morse, K Cohn, R W Rudolph & R W Parry, Inorg Synth 1967 
(10) 147 
24. J F Nixon, Adv Inorg Radiochem, 1970 (13) 363 
25. J D Whitelock, Personal communication 
26 J Williasms, J A Cras, J J Steggerda & C P Keijzers in Structure 
& Bonding, Vol 28, Springer Vetlag 
26. J M C Alison, T A Stephenson JCS Dalton 1973 254 
27. M C Cornock, D F Steele & T A Stephenson, Inorg Nucl Chem Lett 
1974 (10) 785 
28. J E Bentham, PhD Thesis, 1971, Edinburgh University 
29. B L Shaw, M F Uttley, JCS Chem Commun 1974, 918 
30. H M Ferrier Final year honours project report, 1977, Edinburgh 
University 
31. J Grosse, R Schmutzler & W S Dheldrick, Acta Crystall Sect B, 
1974 (330) 1623 
32. E K McDonald, 	Phi) Thesis, Edburgk Jniver&j. 
CHAPTER 4 
Some Reactions of HIr(CO) (PPh3)3 
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S014E OF THE REACTIONS OF CARBONYLHYDRIDOTRIS(TRIPHENYL- 
PHOSPHINE) IRIDIUM (I) 
SECTION 1 
1. 	Introduction 
The complex, carbonyihydridotris (triphenyiphosphine) iridium(I) 
was first reported by Malatesta, ( 1) in 1963; a quick and easy 
synthesis to both the title compound and carbonylchlorobis(tri-
phenyiphosphine)iridium(I) was reported later in the same year 
by Vaska. ( 2 ) A great deal of interest in the latter complex 
was aroused when it was shown that oxygen was spontaneously and 
reversibly added to the complex. 
3) 
 This behaviour is very 
similar to that of the iron(II) centre in the haem moiety in 
haemoglobin, although the mode of addition is different. 
From this observation arose the question of the ability 
of the complex to catalyse other chemical reactions. After the 
discovery that a wide range of reactions was catalysed by the 
four-coordinate complex, 	attention was turned to the five- 
coordinate hydride species. This latter was rapidly discovered 
to be highly active as a catalyst, even more so than the chloride 
complex. ( 6) The majority of the published work, therefore, 
concerning this five-coordinate species is of homogeneous 
catalytic processes. This ability has been exploited on a 
world-wide commercial scale, particularly in isomérization, 
oxidation and reduction of small alkenes, and hydroformylation 
of terminal alkenes. 
One possible mechanism involves dissociation of a phosphine, 
and processes continue on the cobrdinatively unsaturated metal 
centre with triphenyiphosphine recombining at the end of the 
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cycle. 	An alternative mechanism in a minority of processes 
involves the formation of an intermediate ionic species:- 
H 	 H 	H 
I I PPh 3 	 iii -  




The proton required to produce the ionic species can be 
derived from hydrogen halides, 	carboxylic acids, (10)  and 
other weak acids The reversibility of the formation of the 
ionic species was demonstrated by gently warming the salt (in 
the case of the adducts formed with hydrogen halides), or the 
action of KOH in solution in alcohol. The pale yellow complex 
was regenerated in each case. The five-coordinate species is 
also known to exchange the hydride for a deuteride spontaneously 
in toluene solution at room temperature and atmospheric 
pressure of deuterium. (11) 
The majority of previously reported work with this complex 
has been in catalytic processes, involving, as the major 
analytical techniques, gas-liquid chromatography and mass 
spectrometry. A few studies, relatively speaking, have been 
made by nuclear magnetic resonance spectroscopy, although the 
application of this technique has been to investigate the 
mechanism of known reactions, rather than to identify the 
products of new ones. 
	
An extended study, 	in several papers, has provided the 
basis for some theories on the mechanism of the oxidative addition 
of R3MH (M = Si, Ge, Sn) to the title compound. Analysis of the 
products (which, in many cases, were isolable as solids) of the 
-130- 
reaction, by 1H n.'m.r. spectroscopy, showed that the addition 
involved cleavage of the M-H bond, to give products with the 
two fragments of the adduc.I mutually cis, and the two-
coordinated phosphine groups cis to each other. The kinetic 
measurements taken were consistent with the proposed mechanism 
of predissociation of one phosphine group from the five-
coordinate Ir(I) species, the resulting four-coordinate Ir(I) 
species being the reactive complex:- 
H 
Ph3P 





H 	 PhP 	H 
pPh3 k 
	\ / 	R3SiH 
r 	
k_ 	 K2 1 > 
Pp 
J PPh3 ''  
	
oC • 	pPh3 
+P Ph 3 
C 
0 
solvent; CH2C1 2 or CHC1 3 or C 7 H  8 
This mechanism was preferred (rather than the formation of a 
seven-coordinate Ir(III) intermediate), although the square 
planar Ir(I) species was not detected. 
(13) 
Another study, 	again reported in several papers, 
considered the oxidative addition of MH 3 Q (M = Si, Ge; 
Q = H, F, Br, Cl, I, CH  and S1H 3 ) to the five-coordinate 
species, the adducts stereochemistry being shown, beyond doubt, 











Ph3PJ _ . _Co 	+ PPh 3 
+ H~~J 	 3 
MH 2  Q 
resembles that shown above, but the appearance of the isomer with 
trans phosphines (which will be called the 'trans species' henceforth) 
was a new feature of the reactions. Generally, it was found that the 
cis isomer was prevalent, and sometimes exclusively present for 
M = Si, whilst the major isomer for N = Ge was the trans species. 
The initial product at 253 K for the germyl species was the cis 
isomer, but rearrangement of the phosphines was observed on 
warming the solution to 280 K. 
The two isomers were easily distinguished, as the 31P{ 1H} 
signals for the cis species gave an AB quartet, as the phosphines, 
being trans to different groups, were inequivalent. The trans 
species, as expected, gave a single resonance. Overlap of the 
signals was not usually a problem, as the 31P nuclei of the trans 
species resonated to high frequency of those from the cis isomer. 
No clear reason for the preferential formation of any isomer could 
be deduced. 
The kinetic evidence and the lack of any of the Ir(III) 
cationic species in the reactions of R3 SiH (R = alkyl, aryl) with-  
the five-coordinate Ir(I) complex support the predissociation theory. 
These reactions were carried out in toluene, presumably chosen for 
its versatility and the lack of halogens which may complicate the 
reactions. The cationic species is found only in relatively polar 
solvents, and probably would not be formed in toluene solution. 
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The early work in this chapter was first carried out in 
toluene, but the nature of the species formed meant that a better 
solvent was required, to increase the quality and resolution of 
the n.m.r. spectra. The problem was caused by free triphenyl-
phosphine, which precipitated to give solid lumps in the solution. 
The same reactions were carried out using dichioromethane, and 
when the results from the clear solutions obtained in that solvent 
were shown to be identical to the toluene samples, the later 
reactions were conducted in chlorinated solvents. Although the 
five-coordinate complex is known to react with dichloromethane 
to form chlorinated complexes, including Vaska's compiex , (15 ) 
the process was too slow to be detected in any of the following 
reactions. 
In some of these reactions, the cation mer-carbonyldihydrido-
tris (triphenyiphosphine) iridium(III) was detected at low 
temperature (below 213 K) as an initial product, which subsequently 
reacted to give neutral complexes. The reaction proceeded as a 
nucleophilic substitution, eliminating triphenylphosphine from 
the cation. It is possible that the latter reaction is not 
concerted, thereby agreeing with the pre-dissociative mechanism. 
A concerted process would, however, seem to be a more accurate 
description of the process, as the ionic species are quite stable 
at 203 K, yet the reaction occurs at about 243 K to give the 
initial adducts. 
The cation has a distorted octahedral structure in the 
( 14) 
crystal 	, with two apparently vacant sites, presumably occupied 
by the hydrides; one is trans to a phosphine, the other is trans 
to the carbonyl group. The 1  H n.m.r. data have been published, 
although the quality of the spectrum was not good, because of the 




The reactions of hydrogen halides with HIr(CO) (PPh 3 ) 3 
These reactions all occurred in an identical manner, and 
have been observed previous1y3 . The evidence for these 
processes was collected from 1H n.m.r. spectra of the products, 
and the conductivity of the solids dissolved in acetone or methanol. 
The reactions were conducted with solvent, the reaction of the 
gases with the yellow iridium complex giving white crystalline 
solids. 
The 31P n.m.r. spectra of these complexes had not been 
reported, and it was hoped that better 1H spectra could be obtained. 
In this study, the 31P{ 1H} n.m.r. spectra showed that at 
183 K all the starting material had been consumed, as the signals 
appeared as an AB 2  pattern of a doublet and a triplet centred on 
50. The second, order effects arise from the proximity of the 
signals, as the 31 1 P{ H} spectra were taken on a machine whose 
magnet strength causes protons to resonate at 60 MHz, whilst the 
n.m.r. spectra were taken at 360 MHz. These latter signals 
showed no second order effects. With the two 31P signals (one at 
S+1.0 , the other at&-1.0 ) only 48 Hz apart (approximately) and , a 
coupling constant of 14 Hz, this proximity of the signals is the 
cause of the second order effects. It seems likely that the 
31P( 1H} spectra obtained from the more powerful machine would show 
no second order effects. The parameters given in the published 
papers give varying values for the 1H parameters, but this may 
be due to solvent effects, and only one of the reports mentions 
second order effects. 
Further information can be obtained from the previous studies, 
and thus need not be considered here. 
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SECTION 3 
The reactions of H 2  S and H2 Se with HIr(CO) (PPh 3 ) 3 
In considering the oxidative additions of platinum(II)hydride 
complexes, the reactions of H 2  S and H 2Se resemble the reactions 
involving the hydrogen halides, in that after the addition of HX 
(where X = Cl, Br, I, SH or SeH), reductive elimination of 
dihydrogen leads to a stable complex. 
(16) 
 Whilst this reaction 
scheme cannot be applied strictly to all the systems studied, 
it can be a useful guide to the probable reaction products. In 
most of these cases, H 2Se appears to be more reactive than H 2 S. 
Whether this is due to the relative bond strengths or to relative, 
hardness or softness is uncertain, but the generalization appears 
to be fairly universally applicable. 
There are relatively few reported reactions of iridium-
phosphine complexes with H 2  S or H 2Se, but those that have been 
reported were studied by n.m.r. and thus some direct comparisons 
may be possible. (17)  
The reaction of H2S with ClIr(CO)(PPh3 ) 2 , Vaska's complex, 
has been investigated, and was shown to give the simple oxidative 
adduct ClIr(H) (CO) (SH) (PPh 3 ) 2 , which proved to be stable to aerial 
oxidation. 1  H n.m.r. data, including 2PIrH' were collected, 
v 0 and elemental micro-analysis figures were published, but no 
31 
n.m.r. chemical shifts were given. 
Another study involved the reactions of ClIr(CO) (PEt 3 ) 2 with 
(18) 
and H 2Se. The reaction with H 2 showed no iridium hydride 
protons and the 31P{ 1H} n.m.r. showed five singlet resonances. 
Whilst this reaction appeared to be rather complex, the reaction 
with H2Se gave a single product, which was tentatively identified 
as all trans Ci(CO)Ir(H) (SeE) (PEt 3 ) 2 , on the basis of 31P n.m.r. 
and -H n.m.r. data. 
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SECTION 3.1 
The reaction of HIr'(CO) (PPh3 ) 3' with H2S 
Hydrogen sulphide is known to be comparatively slow in 
oxidative addition to transition, metal centres. This may arise 
from the relatively high thermodynamic stability of the molecule 
(compare some of the reactions in the second section of the 
platinum chapter). It came as no great surprise that the 
reaction of H2S with HIr(CO) (PPh3 ) 3 was, indeed, slow; very 
'little reaction had occurred after leaving the tube at room 
temperature for a few days. 
The greatest change was observed in the 1H n.m.r. spectra, 
in the regions assigned to metal hydride protons and the region 
where SH resonances might be expected, that is, near 05. 
The SH region of the spectra showed two peaks. The more 
intense, as a singlet, was assigned to uncoordinated H 2 S, whilst 
the other peak, as a narrow triplet, was assigned to a species 
with trans triphenyiphosphines, possibly cis-cis-trans 
H2 1r(CO) (SH) (PPh 3 ) 2 . 
The hydride region was dominated by the unreacted five-
coordinate species HIr(CO)(pph 3 ) 3 but none of the resonances 
+ 
due to the cation, H2 1r(CO) (PPh 3 ) 31  could be seen. The remaining 
signals were weak and fairly complex, but no assignments, 
tentative or otherwise, could be made. 
Very little change was detected in the 31 P{ 1H} spectra, as 
two very weak resonances, slightly to low frequency of the five 
coordinate complex were observed. None of the cationic Ir(III) 
species was detected. 
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SECTION 3.2 
The reaction of H 2 Se with HIr(CO)(PPh3 ) 3 
As was expected, this reaction was markedly more rapid 
than that with H 2 S; 31P{ 1H} spectra showed that conversion of 
the five-coordinate starting material to the iridium(III) 
cation, H2 1r(CO) (P 3 ) 3 was complete at 183 K. No further 
change was detected as the solution was warmed to room temperature. 
The 1  H n.m.r. spectra confirmed the findings of the 31  P 
n.m.r. spectra, in that the only hydridic resonances were those 
of the cation. No signal could be detected for free H 2 Se, which 
would have resonated at about 51.3 (19) 
The anion was identified, by recording a 77  Sen.rn.r. 
spectrum. The resulting signal was broad and only of moderate 
strength. The lack of a signal for H 2Se, and of any well-defined 
coupling in the spectrum led to the conclusion that the 1 anionic 
species was HSe, which would exchange protons with traces of 
H2 Se as below:-. 
H2 Se + SeH 	 HSe + H2 Se 
thus giving rise to an averaged signal. It is worth noting that 
the ionic species were quite stable, even at room temperature, 
the SeH ion seemingly stable enough, in this system, to prevent 
the formation of either an iridium(III)-hydridoselenide complex 
or an allotrope of elemental selenium. 
These experiments emphasized the difference between the 
chemistries of sulphur and selenium in this particular region 
of coordination complexes; the comparison of the stabilities 
of HS and HSe in the presence of a stable moderately coordinating 
cation coming to the fore. The stability of HSe may well be 
enhanced by the stability of the cation H 2 1r(CO) (PPh3)3 
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TABLE 3 
Parameters for the cationic species H2 Ir(CO)(PPh 3 ) 
8 31a 	31a/ 	1 Ha 	1 Ha 
ppm 
	
1.64 	—1.92 	—11.43 —9.55 
2 	b 	2 	b 	2 	b 	b 	2 	b 	b 
PP PH PH PH PH HH 







Signals from the reaction of H2S with H Ir(CO) (PPh 3 ) 3 
31a Ha. I Ha 
6.2, 	8.3 0.5 —9.0 —10.3 
2 	b 2 	b b b 	 2 	b 
PH(?) PH PH PH P H 
7 21.4 
(triplet) 9.2 31 	 27 
values given in parts per million, correct to + 0.02ppm 
Coupling constants are quoted in Hz, correct to ± 0.1Hz 
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SECTION 4 
The reactions of HPF 2E with HIr(C0)(PPh 3 ) 31 ' where E 	0, S, Se 
As mentioned previously, a study of Vaska's complex, 
ClIr(CO) (PPh 3 ) 2 , with EPF 2X EE = 0, S; X = Cl, Br] has been 
carried out, (20)  but proved to be intractable for the purposes 
of n.m.r., due to the low solubility of the complexes formed. 
A closely related system was also investigated, in which 
triphenyiphosphine was replaced by diphenylmethylphosphine, 
the complexes in 'these cases giving solutions capable of 
producing 1  H n.m.r. spectra. The products in all cases were 
assumed to have trans-phosphines, based on the 1  H n.m.r. data, 
and the similarities found in vibrational infrared spectra. 
No other iridium-PF2E complexes have been reported, 
although several platinum complexes are known, as are with 
some of the first period transition metals. These latter 
complexes are mostly derived from oxidation of MPF 2NR2 species 
or MPF 2X species (R = Alkyl, X = F, Cl, Br, I). 
4.1 	The reactions (new work) 
These were originally carried out in toluene, but the 
spectra from these tubes were seriously impaired by the presence 
of solid (probably triphenyl phosphine). Later samples were 
prepared with dichioromethane as the solvent, and, when it was 
found that the products from both solvents gave the same spectra, 
toluene was abandoned. 
The reactions followed the same general pattern, but in the 
case of the reaction with HPF 2O, some of the expected signals 
were undetected. The spectra showed clear-cut changes in the 
species present as the temperature was raised, but each magnetic 
nucleus observed by n.m.r. will be considered through the range 
of temperatures which show the recorded changes. 
-i39 -
4.2 	The 31P n.m.r. spectra 
(a) at 183 K 
The reaction started slowly, but the initial reaction, 
for E = S, Se, was shown to be complete if the tube was held 
at this temperature for about one hour. When E = 0, the 
reaction took longer to go to completion, and was complicated 
by decomposition of the PF 2 material, as described later. 
When the 31p{1H}  spectra had shown that the initial reaction 
was complete, inspection of the solution showed that the yellow 
colour of the solution had been discharged, to give a clear 
colourless solution. The resonances, at this stage, occurred 
in two groups, one at high frequency, and the other close to 60. 
The high frequency resonance consisted of a 1:2:1 triplet with 
a wide coupling of about 1,200 Hz. This splitting was assigned 
to 	the signals in this group were unaffected by retentionPF 
of proton coupling, thus showing that the species contained no 
bound protons, due to the absence of 
The low frequency resonances were discovered to have the 
same parameters as the species detected in the reactions in the 
previous sections;-i.e. a narrow distorted doublet at 5+1 and 
a narrow, distorted triplet at 6-1. These signals identified 
the cation H2 1r(C0) (PPh 3 ) 3 , and thereby implied that the 
following reaction had taken place:- 
+ 
	
Ph 3 	 /Ph3 
HPF E + Ph P I 	 H—Ir PPh 	+ PF E 
PPh3 	 Ph3P 
C 	 C 
0 0 
-140- 
This observation required the production of an anionic species, 
and, with the disappearance of the signal due to the HPF 2 E 
species, it was assumed that the high frequency triplet was 
due to PF2E . The parameters for the proposed anions agreed 
well with those taken from another study, (21) and, in the case 
of PF2 Se , augmented the data with the chemical shift of the 
77 Se nuclei, and the 1PSe' seen as the satellites, due to 
7.6% 77Se, having I = ½. (See diagrams 4.2. 1 .A and 4.2.1.B.) 
(b) 
31
P n.m.r. spectra at 223 K 
- 	 The next phase of the reaction was fairly slow at 
this temperature, as the signals due to the ionic species 
decayed quite slowly, and took several hours to disappear. 
The signals which replaced those due to the ionic species 
were quite complex, but assignment of these was possible after 
recording the 19  F and 1H spectra (see later). A description of 
the 31P n.m.r. spectra at this temperature follows, but it must 
be remembered that the elucidation of the patterns was greatly 
eased by the knowledge attained, subsequently, from the 19F and 
spectra. 
The 31P{ 1H} spectra again showed the resonances to be in 
two distinct groups. These resonating in the lower frequency 
range, due to triphenyiphosphine groups, were rather confused, 
arising from four different environments. 
The high frequency region of the spectra gave a clearer 
indication of the species in solution. In the case of the 
oxide complex, the spectrum was very weak, except on one 
occasion, when the reaction was allowed to go to completion, 






































































































































































































































































































































































chemical shift in 
Chemical shift in 
Coupling constant  
	
ons PF2E 	- (E O,S,S€) 
19 F 
	 Se 
b 77 a 	1 	c 	2 	c 	2 	c 
PF PSe SeF 
—18.15 	- 	 1209 	 - 	 - 
—36.80 	- 	 1177 	 - 	 - 
—41.13 	194.4 	1173 	647 	 14 
ppm, correct to + 0.1 ppm 
ppm, correct to + 0.02 ppm 
in Hz, correct to 1Hz 
-145- 
The spectra in the region usually assigned to PF 2E groups 
coordinated to transition metals comprised two signals. One 
resonance showed a wide triplet coupling (assigned to 
with a further narrow triplet coupling (assigned to 2J). The 
other signal showed four different doublet couplings with some 
slightly second order intensities. Although the two signals 
occurred at similar chemical shifts, none of the peaks overlapped, 
thus eliminating any coincidental confusion. At first, the 
16-line pattern was the stronger resonance, but, as time passed 
at 223 K and above, this resonance became weaker, and the signal 
from the species giving the triplets grew in intensity, until, 
at ambient temperature the sixteen line signal had vanished. 
In the case of the reaction with HPF 2S, it was necessary to warm 
the reaction to 318 K, and to hold it there for two hours to 
eliminate the species giving rise to the sixteen line pattern 
in the high frequency region. 
With only one PF 2E species present, the signals in the low 
frequency region were also less complex. Resonances due to two 
iridium phosphine complexes were visible; one group of peaks was 
recognizable as the residue of the cationic species, whilst the 
other, to slightly higher frequency, showed a narrow doublet 
coupling with a very narrow triplet coupling. 
From the changes ih relative intensity of the signals as 
the temperature was raised, it seems that two isomers of the 
same complex were formed at low temperature and that 
isomerisation of one isomer was taking place at warmer 
temperatures. Comparison of the triphenyiphosphine regions of 
one reaction at two different temperatures showed that two other 
resonances were present in this region at the lower temperatures. 
-146- 
In the case where E= S, the resonance of one of the newly 
discovered resonances, which was associated with the species 
giving rise to the sixteen line pattern in the high frequency 
region, coincided with the resonance from the triphenyiphosphine 
of the species responsible for the triplet signals in the high 
frequency region. 
At this stage of the report, in order to simplify the 
explanation of the spectra of the remaining nuclei, the 
explanation of the 31P n.m.r. spectra with respect to the 
molecular structures will be given. 
The idea of isomeric products stems from the simplicity 
of the signals, but not in their coupling patterns. The high 
frequency region (due to fluorinated phosphorus species) 
commenced with one species, which was assigned to PF 2E . After 
this signal had disappeared, two high frequency signals were 
present, one showing a triplet of triplets (and therefore 
associated with two sets of pairs of magnetically equivalent 
nuclei), whilst the other signal showed four doublet splittings 
(and thus must be associated with magnetically inequivalent nuclei). 
As the reaction proceeded, the triplet species increased, while the 
doublet species decreased. In each of the two molecules under 
discussion, the 31P nucleus, in the high frequency region, is 
magnetically connected to four magnetically active nuclei, and 
the theory of isomerization would be the simplest way of 
explaining the phenomenon. 













cis 	 PPh3 	trans 
H 	 -a- 
II Co Ph3 P 'PPh3 
The two approximate views along the 31P (f) Ir bond show that 
the species on the right hand side has a mirror plane of 
symmetry, whilst the molecule on the left hand side does not. 
Thus, the species giving rise to the doublet patterns is as 
shown on the left, as the two 19F nuclei can never experience 
equivalent magnetic fields, whilst in the other structure, 
even though the field experienced is identical in two 
positions only, over a time average, the 19F nuclei will 
experience, identical magnetic fields. 
With the aid of the diagrams, the 31P n.m.r. spectra can 
be explained. Taking the right hand structure first, the 
high frequency signal shows the wide triplet, assigned to 
-148- 
3PF' a typical PF 2 compound where each fluorine couples 
identically to the 31P nucleus, and the .superiniposed narrow 
2 triplet derives from the cis- i pp , again, each of the 
triphenyiphosphine 31P nuclei coupling .identically. These 
latter nuclei, resonating at low frequency, show the narrow 
cis- 2J detected in the high frequency signal, and exhibitsPP 
the even narrower 3PF as a triplet splitting. 
31 
The P spectrum of the isomer with cis triphenylphosphjnes 
is now easier to explain. The two fluorines are magnetically 
inequivalent, no matter which torsion angle is applied to the 
Ir-P (f) bond, and thus show two different 1 1 
PF  values. This 
feature accounts for the two largest couplings in the high 
frequency region. The next largest coupling is due to the 
trans 2 Jpp , with the cis 2  1 accounting for the final narrowPP 
coupling. See diagrams (4.2.1.D; 4.2.1.E; 4.2.l.F and 4.2.lG). 
The above analysis was further confirmed when a 31P n.m.r. 
spectrum was taken of a mixture of the two isomers, whilst 
retaining the hydridic coupl 	decoupling only the phenyl 
ring protons. The result of the experiment was clearly defined: 
each line in the triplets of triplets split into a moderately 
wide doublet, showing a hydride trans to the PF 2 E group, whilst 
the effect on the 16 line pattern species will be called the 
cis isomer, and the triplet species the trans, both nominations 
based on the relative positions of the triphenyiphosphine 
ligands. See diagram (4.2.1.E). 
It was unfortunate that the cis isomer was not fully 
characterised in the reaction with HPF 20. The fact that the 
trans isomer was clearly visible when the reaction was allowed 
















































































































































































































































































































































































































at low temperature, and yielded none of any cis species, may 
well be due to the known decomposition of HPF 2O in the liquid 
state, to give PF 3 and (0)PFH(OH). In one sample, a yellow-
orange precipitate was also seen, after some decomposition had 
already occurred, and was probably a polymeric phosphine (PF)n• 
4.3 	The 19F spectra 
These will be considered separately, as the spectra showed 
quite different patterns. The spectra will be considered in order, 
0, S 1 Se. 
4.3.1 The 19F n.m.r. spectra of the reaction of HIr(C0) (PPh3 ) 3 
with HPF22. 
As mentioned above, the low temperature 31P spectra showed 
that considerable decomposition of the HPF 2O had occurred. This 
was confirmed by the 19 F n.m.r. spectra at low temperature, which 
showed several wide doublets, which were assigned to PF compounds. 
A weak signal was detected, signifying that somePF 2O - was present, 
but the concentration of this was never very high. 
The spectra from the reaction which was allowed to come 
rapidly to completion showed a wide doublet, with a further moderate 
doublet, and each of these four peaks showed further splittings, 
which were later found to be a triplet coupling and a further 
doublet coupling. These four splittings were assigned to 1 
 1 pF' 
t 3 1 FH 1 3PF and c 3JHF. The Only other well-defined complex was 
produced in the reactions in which decomposition at low 
temperatures occurred. This -was HIr(CO)(PPh 3 ) 2 PF 3 ; this complex 
will be considered later. 
-154- 
4.3.2 The 19F n.m.r. spectrum of the reaction of HPF 2S with 
HIr(CO) (PPh3 ) 3 . 
19- At 183 K, using a fresh tube, the F n.m.r. spectrum of 
the reaction showed a single wide doublet, 1  1 PF This came in 
agreement with the 31  P n.m.r. spectra, in that the assignment of 
the pattern to PF 2S was consistent with the previous study of 
the PF2E anions and the proposed reaction pathway. 
No change in the spectra was detected until the system had 
been allowed to react at 233 K for a few hours. After allowing 
the reaction to proceed, under the low temperature conditions, 
for three hours, the signal due to PF 2 S was no longer visible. 
The signal from the fluorine nuclei became quite complex. Four 
distinct PF resonances could be discerned (see diagram 4.3.2.A) 
One of these resonances showed up as a distorted doublet of 
triplets of doublets. This resonance was recognised as being 
due to HIr(CO)(pph 3 ) 2 pF 3 (see below). A second resonance was 
observed to be a wide doublet of moderately spaced doublets 
of narrow triplets with a further narrow doublet splitting. 
This pattern was recognised as being due to the trans isomer 
of the adduct, i.e. all-trans (H)(PF 2S)Ir(H)(CO)(pph 3 ) 2 (see 
under 31  P spectra for a diagram), the couplings being 1 pF' 
t3JHF, 3PF and C3JHF respectively, the i pF  values corresponding 
to those observed in the 31P spectra. 
The remaining resonances were thus assigned to the fluorines 
in the cis isomer, the signal appearing as a resonance split by 
six doublet couplings. The couplings were due to, in decreasing 
order of magnitude, for one resonance, 11pF trans 	PF' 	FF' 
cis 3JP..F, 3HF and 
3  1 HF 	Resolving the signals into the 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































a doublet splitting). Each of the fluorine resonances was split 
by six different couplings from six magnetically active nuclei. 
The couplings, in decreasing order of magnitude, for one of the 
19 	 1 	 3 	.3 	2 	3 F nuclei, were PF' trans PF' C15 	PF' FF' 	FIF and 
3HF' whilst, for the other 19 F nucleus, the order was 1 j PF' 
trans 3 1 PF' 
	FF' C1S 1  PF' 	HF and 3 1 HF 
4.4 	The 1  H n.m.r. spectra 
4.4.1 The 'H n.m.r. spectra from the reaction of HPF 2O with the 
five-coordinate starting material were simpler than those from 
the sulphide and selenide reactions, mainly because the cis 
isomer of the adduct was not detected in large concentration, 
and the vestigial amounts detected did not obscure the remainder 
of the spectrum. The peaks of this isomer were not very clearly 
defined, but attempts to synthesise this species were thwarted 
by the decomposition processes. 
The pattern due to the hydride resonances have been 
published already but the diagram given in one paper was obscured 
(15) 
by other peaks. 
The explanation of the resonances is made more easily 
comprehensible if reference is made to the isomeric structures, as 
drawn out above. Although the cis isomer was detected, the 
resonances are poorly resolved, and no attempt will be made to 
try and obtain any couplings (some guesses can, however, be made 
on the strength of direct comparison with the sulphide and 
selenide). 
The trans isomer, as can be seen from the diagram above, 
contains one hydride trans to the carbonyl group, and one trans 
to the PF2O group. The latter proton will be split into a wide 
-162- 
doublet, by the trans phosphorus, and will be thus clearly 
distinguished from the other resonance. The hydride trans to 
the carbonyl group should therefore show a triplet of doublets 
of triplets of doublets due, respectively, to 2 pH' 	PH' 	FH 
and 2 J HH'  where P represents the triphenyiphosphine 31P nucleus 
and P the fluorinated phosphorus 31P nucleus. The 2  J andPH 
PH were found to be almost identical in magnitude, as were 
PH and J HH'  so that the overall appearance of the multiplet 
was that of a quartet of quartets. The signal from the proton 
trans to the PF 20 group would, from the proposed structure, be 
expected to show a wide doublet of triplets of triplets of 
doublets. This was, indeed, found to be the case, in which the 
couplings would be assigned to 
2 PH' UHF' 	PH and 
respectively. In the reaction giving the 1H n.m.r. spectrum, 
a residual amount of the cation, H 2 1r(CO) (PPh 3 ) 3 , was present. 
Having many features in common with the trans adduct, it is not 
surprising to find that the resonances of the cation are very 
close to those of the trans adduct, and, where the protons trans 
to phosphorus nuclei are concerned, the peaks overlap considerably. 
A major factor here is the trans-influence, in which the ligand 
trans to the ligand in question has a strong bearing on the 
electron density around the nucleus of the latter ligand, and, 
therefore, its chemical shift. Therefore, in this example, 
the resonances of the hydrides trans to the carbonyl groups will 
occur at very similar chemical shifts, which, in this case, occur 
at 6-9.55 and 6-9.90 for the cation and the trans adduct respectively. 
On this basis, it appears that triphenyiphosphine and PF 2O have 
very similar trans influences, as the lower frequency 1H resonances 
for the cation and the trans adduct occur at 6-11.42 and 6-11.17 
respectively. The only other hydride resonance visible was that of 
a trace amount of the five-coordinate starting material. See diagrams 






















































































































































































































































































































4.4.2 The 1H n.m.r. spectra of the reactions of HPF 2S and 
!i2 Se with HIr(C0) (PPh 3 ) 3 
At the lowest temperatures (188 K), Only peaks due to the 
iridium trisphosphine cationic complex mentioned above were visible. 
As the temperature was increased, the only changes visible were 
those in the hydridic region. The resonances of the cation 
hydrides became confused with new signals; these latter were 
due to the cis and trans isomers of the adducts (see, above, 
under 31 P spectra). 
The new resonances were split into two groups; the 
resonances to higher frequency, at about 6-9.5, were assigned 
to protons trans to carbonyl groups, whilst those below 6-10.5 
were attributed to protons trans to phosphines. These latter 
signals were distinguished by a large doublet splitting, 
from trans 2PH•  All the peaks showed a narrow doublet splitting, 
of the order of 4 Hz, thus identifying all the species as cis 
dihydrides (see diagrams 4.4.2.A-E). 
The peaks due to the protons trans to PF 2Y groups were 
widely spaced, showing little coincidental overlap. The 
resonances due to the trans isomers with equivalent triphenyl 
phosphine groups and equivalent fluorines were easily recognised 
as doublets of triplets of triplets of doublets, these couplings 
arising from trans 
2 PH FH cis 2 JPH and 2HH ,where P 
represents the 31P nucleus of triphenyiphosphine and P ' represents 
the fluorinated phosphine nucleus. Each cis isomer gave a resonance, 
which, beyond the wide doublet coupling, trans 2PH' showed a 
resonance with five smaller couplings, all doublets, due to 
two 31HF'S, two cis 2pH'  and 2HH• The pattern was distorted, 
in the sulphide, due to some overlap with the signals from the 


















































































































































































































































































































































































































































































































































































































































portions of the resonances remained unaffected, thus allowing 
the coupling constants to be calculated. 
The higher frequency hydrides, i.e., those trans to 
carbonyl groups, gave resonances which, for each system, occurred 
close together, and overlapped to a considerable extent. In each 
case, the total frequency spread of the multiplets was 120 Hz or 
thereabouts yet contained the resonances of three independent hydrides, 
the signals of which were split into twelve peaks for the cationic 
H2 1r(C0) (PPh 3 ), thirty-six for trans H(C0)Ir(H) (PF 2E) (PPh3 ) 2 and 
sixty-four for the cis isomer. Due to the limits of resolution, 
defined by the operating frequency of the spectrometer, and the 
nature of the sample, many of the peaks, although not occurring at 
identical frequencies, formed slightly broadened envelopes. Even 
with this effect, it was possible to calculate the parameters. 
One feature, which applied to both reactions, was that, in 
the hydrides trans to carbonyl, the cationic species occurred at 
highest frequency, as might have been expected, while the cis isomers 
came at the lowest frequencies. The signals due to the 1H nuclei 
trans to the fluorinated phosphine occurred markedly to lower 
frequency than those trans to triphenyiphosphine. This would seem 
to suggest that the PF 2E group has a low trans-influence. The 
PF 2E group is probably less able to accept a large amount of metal-
to-ligand back-bonding, as the P(V) nucleus is much less polarisable 
than the P(III) nucleus, and the phosphorus 3d orbitals are already 
partly involved with P=S bonding. This would allow electron density 
to cause stronger shielding at the hydride, and reduce its resonant 
frequency. 
The high frequency proton resonances showed little change 
during the reaction, and showed only the complex pattern due to 
triphenylphosphine bound and uncomplexed. 
-172- 
The peaks from the cis species diminished as the temperature 
was raised, until at room temperature (293 K), none of this 
isomer was detected. 
	
4.5 	The 77  Sespectrum of PF 2Se 
This spectrum was taken, firstly to provide the parameters, 
but also to confirm the anionic species detected in solution at 
low temperature (183 K). The signal showed a wide doublet, 
with a narrow triplet superimposed. These couplings were 
attributed to 1 1 
PSe  and 3SeF respectively, and were the same 
magnitude as the couplings to the selenium satellites detected in 
the 31P and 19F n.m.r. spectra. The signal was not well resolved, 
but this may well be due to the viscosity of the. solution, or the 
77 relatively weak strength of the sample, as Sb is only 7.6% 
abundant, and has a low sensitivity. 
The chemical shift, 6 77  Se= 194.4 p.p.m., comes to high 
frequency of HPF 2 Se (6 77Se = -170 p.p.m.) and to low frequency of 
(PF 2 ) 2 Se (6 77  Se= +701 p.p.rn). The negative charge appears to 
be localised on the selenium rather than the phosphorus, from the 
relatively high 6 31  p value, and the low value of 6 77 Se (in 
comparison with most inorganic selenium compounds) (22) 
4.6 	Conclusions and discussions 
These reactions have produced new complexes and other 
species, and pose several questions. The general reaction scheme 
has already been considered, and the relevance of the parameters 









































































The general reaction, from 183 K to 298 K is proposed to be 
as shown below: 
H 
PPh3 





HPF2 E Ph3 p _71 r - 
Ph3 
CO 
PPh 	+33 PF2E 
/ 
223 K 





Ph P—Ir----PF E 
Ph3 P 
C 
'i.273K 	 0 
(323 K, E=S) 
The reactions follow this pattern, but, when E=O, substantial 
decomposition of HPF 2O (or PF 2 O ) occurs if the reaction is held 
at 223 K for more than ten minutes. If the reaction, with HPF 2 O, 
is allowed to run to completion, without holding the temperature 
down, the final products are detected in good yield, although the 
cis isomer was only observed in vestigial quantities. 
The ionic species detected at low temperature (183 K) were 
formed less rapidly than with the hydrogen halides, although the 
process was found to be complete, at this temperature, after 
thirty minutes (excepting the reaction with HPF 2O). This 
behaviour seems to confirm the relative acidity of HPF 2E, which 
is not measurable in aqueous systems, because of likely hydrolysis 
-175- 
reactions. The previous attempts to obtain these anions gave 
rather inconclusive results, as the species were described as 
being fairly unstable unless held at low temperature. It seems 
likely that these latter systems were sensitive to side reactions 
with the cation involved (which in the above system was trimethyl 
ammonium).. which do not occur in the present system. The anions 
SPF 2 and SePF2 are quite stable - up to 243 K; in one case, 
SePF2 was found to be stable at room temperature for two hours. 
(This apparent inconsistency may be due to concentration factors; 
the latter reaction-tube was somewhat weaker than other samples). 
The iridium III cation is known to be stable in polar solvents, 
even to the extent that no displacement of triphenylphosphine was 
detected in the presence of halide anions. 
The anions PF 2E give very high chemical shifts, of about 
280 p.p.m.; the 77 Sechemical shift implied that the negative 
charge of the anion was localised on the selenium rather than the 
phosphorus in [PF2Se] , and the charge is probably localised 
on the sulphur in [PF 2S] . The chemical shift of the phosphorus 
in [PF2O] is much lower than for the other two anions, but it 
is still likely that the negative charge resides on the oxygen: 
PF 3 has a lower chemical shift than any PF 2X (X = Cl, Br, I), 
and comparison of PF 2Br with [PF 2Se] and PF 2C1 with (PF 2 S I show 
that although the 31P chemical shifts are fairly high for the 
halides, those of the anions are about 100 p.p.m. higher in 
both cases. A previous study 
(21)
assigned the high chemical 
shift to a strong deshielding influence on the phosphorus nuclei, 
and would correspond to trivalent phosphorus. The lower coupling 
constants, 1 1 
PF'  however, at about 1200 Hz, seem to be more 
consistent with pentavalent phosphorus. The true structure of 
these anions incorporates features from 'pure trivalent' and 
-176- 
'pure pentavalent' phosphorus species; if it were possible to 
obtain crystals of the salts formed, then X-ray diffraction 
studies may reconcile the problem. 
There appears to be some activation barrier to the coupling 
of the anions and loss of triphenyiphosphine from the iridium, as 
reaction was not observed until the reactions were warmed up to 
223 K. This might imply that a temporarily crowded intermediate 
is formed, incorporating seven-coordinate iridium. Whether this 
is the case or not cannot be established for these observations, 
as no peaks attributable to such a species could be detected. 
The kinetically favoured isomer, the complex with the 
triphenylphosphines mutually cis, has no plane of symmetry, and 
thus the iridium is chiral. This chirality extends to the 
fluorinated phosphine chalcogenide group, and hence to the 
fluorines. The fluorines therefore experience different magnetic 
environments, and show a finite 	The difference in the chemical 
i shifts of the 
19 
 F nuclei is quite small n c 	 1 comparison to the pF 
values, and this causes the spectra to become second order. The 
values of 
2FF'  of 38.4 Hz for the sulphide and 18.0 Hz for the 
selenide, are of the same magnitude as those quoted for MeN(PF 2 ) 2 , 
at about 30 Hz, and substantially lower than the values for P 2F 4 
and F2PSPF 2 (280 and 130 Hz respectively). Comparison with other 
metal complexes is not possible, as none have been reported. 
The conversion of the cis isomer to the trans isomer is 
controlled by a kinetic barrier which appears to be higher in 
the sulphide than in the oxide and selenide. The nature of the 
isomerisatjon process is not known, but it may be related to the 
mechanism proposed by Wilkinson 7) for the hydroformylation 
reaction, in which a triphenyiphosphine ligand dissociates from 
-178- 
carbonylhydridotris(tflphenylphosphine) rhodium(I), although it must 
be admitted that the latter complex is five-coordinate, and 
involves rhodium, rather than iridium, two factors which increase 
the complex's lability in comparison to the present species. One 
feature which may favour an intramolecular process is the presence 
of two cis hydrides. These latter occupy very little space in the 
coordination sphere of iridium, and, particularly at higher 
temperatures, may allow steric interchange of two ligands 
(compare, here, with the Berry Mechanism' (23) propounded for 
the rearrangement in five-coordinate complexes). 
The trans form is thermodynamically favoured; this is 
probably governed by the relative amounts of steric strain, 
which will be higher in the cis form. It is, however, more 
difficult to envisage why the cis isomer is formed initially. 
The reaction can be classified as a nucleophilic substitution 
or displacement process, and is probably concerted. It is 
unlikely that the cis isomer exhibits 'fluxionality, as the 
peaks due to the cis isomer were sharp, and the species was 
stable at lower temperatures. 
Considering the structure of the cation, the closest 
approach of the anion to the iridium centre would be between 
the two cis hydrides (see the diagram below). Concerted with 
this attack would be the loss of a tripheny'lphosphine group; 
the controlling factor affecting the loss of the phosphine is 
the trans effect of the ligands trans to the phosphine. All the 
+ 
ligands in the cation H 2 1r(CO) (PPh 3 ) 3 have high trans effects, 
but the hydride has a higher trans effect than triphenyiphosphine, 
so one would expect the following scheme:- 
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zPh 0 
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It is possible that some of the trans isomer is formed from the 
outset, but, if this is the case, then this process is only a 
minor contributor; attempts to justify the formationof the 
trans isomer as an alternative to the cis isomer seem to be 
less well grounded. 
The isomerisation process in these reactions very closely 
parallel those detected in the reactions between the five-coordinate 
iridium(I) complex and simple silyl or germyl compounds. (24) 
Although the initial addition to the iridium complex gave both 
trans and cis isomers, the silyl complexes generally gave the 
cis isomer as the thermodynamically preferred product, whilst 
the germyl species isomerised to give the trans isomer as the 
preponderant form. As mentioned above, some metal phosphine 
complexes rearrange by temporarily releasing a phosphine to 
leave a coordinatively unsaturated complex, which is fluxional, 
and re-combination of the metal and the phosphine occurs to give 
an isomeric form. This appears not to be the case in these 
reactions, as the addition of an excess of borane to a reaction 
between the iridium complex and a germyl halide, in which the 
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final stages of the reaction had not been allowed to complete, 
had no effect on the isomerisation process, although the 
phosphine eliminated from the starting material gave the 
borane adduct.
(24) 
 The conclusion was that no Ir-P bond 
cleavage occurred during the isomerisation. One feature which 
may facilitate rearrangement is the presence of two hydrides, 
which are not stereochemically demanding. 
Experiments performed with deuterated substrates showed 
that at warmer temperatures, i.e. 233 K, isomerisation was rapid. 
It was also noted, however, that in the reaction between 
Hir(CO) (PPh 3 ) 3 and SiD 3CH 3 , no SiH products were found even 
after the isomerisation had been allowed to take place, thus 
confirming the intramolecular nature of the process, in which no 
bonds to the iridium were broken. This appears to refute the 
hypothesis put forward by Harrod et al., in which the silane 
dissociates from the iridium(III) complex, reductively eliminating 
a si1yi group and a hydride, which then re-oxidatively add to the 
newly formed square planar iridium(I) species. This latter theory 
would allow for complete randomization, and does not apply to the 
simple silyl system; the study involved trialkyl and triaryl 
silanes, which may behave differently, although there is not 
enough evidence to explain the difference. 
A feature of these complexes (all trans (H) (CO)Ir(H) (PF 2E) (PPh 3 ) 2 
where E = 0, S 1 Se) relates to their solubilities in organic solvents. 
They are soluble in chloroform and dichioromethane and are at. least 
partially soluble in toluene. In this latter solvent, it is 
difficult to tell if the iridium complex is totally soluble, 
because of precipitated solid triphenyiphosphine. The resolution 
of the spectra obtained from toluene solutions was poor, thus making 
estimation of the concentration of the species in solution impossible. 
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The solubility of these complexes contrasts markedly with 
the species produced (i) by Sharp et al., (20) and (ii) by 
Bridges et al. (25)  The complexes, produced from the reactions 
of Ir(CO)(X)(PPh3 ) 2 (Vaska's complex) with (i) EPF 2X and 
(ii) MH3X (where X = Cl, Br, I; E = 0, S; and M = Si or Ge) 
were found to be insoluble in most common solvents, in contrast 
even with the starting complex. It was not possible to obtain 
n.m.r. spectra for most of these complexes; the techniques used 
for analysis were infrared vibrational spectroscopy and elemental 
micro-analyses. It was, however, possible to obtain n.m.r. spectra 
for the reactions between XIr(C0) (PMePh 2 ) 2 with EPF 2X, in which the 
products gave solution spectra to show that the phosphines were 
mutually trans. 	 - 
The major disappointment in this section was the failure 
to obtain a solution containing the cis adduct of H2 1r(C0) (PF 2O) (PPh3) 2  
that would allow the extraction of its parameters. The species was 
detected, but only to a very small extent, in a solution in which 
the reaction had been allowed to proceed at room temperature. 
Attempts to produce the complex were unsuccessful, as mentioned 
previously, due to the low temperature decomposition of HPF 2 O. 
This reason seems to give the simplest answer, as HPF 2 S and 
HPF 2 Se do not appear to spontaneously decompose in the liquid 




819FA 9FB 1HB 
S 7.5 1.5 129.3 11.75 3.46 -9.69 -11.02 
OD 
m 





PCFB FAFB PAPB 
2 
PBPC PAPC PAHA 
5 1154 1189 38.4 20 415 22 19.3 
0 P 
3B Se 1165 1204 18.1 14 398 22 18.9 
HA 
2 2 2 2 2 2 
03 P 
J J J J J J 
2 
J OC PBHA PCHA PAHB PBHB PCHB HAHB HAFA 
HB 
5 19.5 16.6 110.0 22.2 25.8 3.7 10.1 
Se 22.6 12.8 114.2 22.3 23.1 3.7 9.8 
PC 
E 
3 3 3 3 3 3 3 F\ 
HBFA PAFA PBFA HAFB HBFB PAFB PBFB 
S 19.5 10.6 44.8 10.1 4.5 9.5 56.3 
Se 4.0 22.2 38.5 9.3 4.0 9.1 52.7 
All chemical shifts in ppm, 	31 P + 0.1; 	19 F ± 0.02; 	1H + 0.01 ppm 
All coupling constants in Hz, J PF ± 1Hz, J 	± 1Hz, J PH + 0.2Hz, J FH ± 0.1Hz, J HH + 0.1H31 FF + 0.2H2 
-183- 
TABLE 4(iii) 
Parameters for trans configuration of H 21r(C0)(PPh 3 ) 2 PF2E; E = 0, S, Se 
E= 0 S Se Accuracy Limits 
r 7.1 7.7 7.5 + 0.1 
Sap' 49.0 151.8 159.5 - 0.1 
OF -2.07 1.71 -5.22 ± 0.02 
-9.90 -9.68 -9.54 + 0.01 
-11.17 -12.21 -12.44 + 0.01 
1225 1187 1191 ± 1 
26.9 24.0 20.1 + 0.2 
2 
16.7 16.1 16.1 ± 0.1 
17.1 17.6 17.7 + 0.1 
17.3 14.9 19.6 ± 0.1 
2j,1 
179.9 178.2 179.9 ± 0.1 
3.9 3.9 4.8 -+- 0.1 
3-r-
UPF 0.2 4.0 4.9 + 0.2 
3,-
JHr 37.4 27.2 24.9 -4- 0.1 
3H'F 3.9 3.9 4.8 + 0.1 
is fluorinated, and is trans to H ' ; H is trans to CO, and P are PPh3 groups 
4 Values given  in pr+s per- ,fltl(ton 
J VOJUQ5 given in Hz 
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SECTION 5 
The reaction of trifluorophosphine with HIr(CO) (PPh 3 ) 3 
Trifluorophosphine is known to form a strong coordinate 
bond to transition metals, in a very similar fashion to carbonyl. 
The bond appears to be stronger than with CO, in most cases, as 
the complexes formed have greater thermal stability than the 
corresponding carbonyl complexes and are generally more inert 
to hydrolysis than their carbonyl analogues. 
The reaction between PF 3 and HIr(CO) (PPh3 ) 3 was carried 
out in chloroform, on a 1:1 basis, giving one complex and 
triphenyiphosphine; the complex was completely soluble. 
5.1 	The 31P n.m.r. spectra 
Although the reaction was observed from 183 K, no change 
was detected in the 31P{ 1H} n.m.r. spectra until the reaction 
system had been warmed to room temperature for a quarter of an 
hour. The progress of the reaction was accompanied by a reduction 
in the intensity of the original yellow colour of the solution. 
The first spectra were obtained from a spectrometer 
operating at 40.48 MHz. The signals resonabQ4. -,in two regions: 
those to high frequency were due to bound and unbound PF 3 , whilst 
the lower frequency region continued the signals from triphenyl 
phosphine species. The spectra showed second order characteristics, 
due to the proximity of the low frequency satellites of the high 
frequency signal to the low frequency resonances. The high frequency 
region showed that, after a further hour at room temperature, all the 
trifluorophosphine had been consumed, and only one signal was visible. 
This resonance showed a wide quartet coupling, showing the continued 
presence of three equivalent 19F nuclei, and, superimposed on this, 
a coupling, which, on the high frequency signal, was almost a triplet, 
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but actually two doublets, but on the lower frequency satellites, 
was more clearly split into pairs of doublets. 
The low frequency region showed a singlet, due to free 
triphenyiphosphine, and a distorted doublet of quartets, the 
distortions increasing towards high frequency. No other signals 
were visible. See diagram 5.1.A. 
Observation of the sample at 24.21 MHz accentuated these 
distortions because the effective chemical shift difference between 
the signals was reduced. At this magnetic field strength, the 
lowest frequency doublet of doublets was swamped by the high 
frequency half of the coordinated triphenyiphosphine resonance. 
Observing the 31P{ 1H} n.m.r. at 145.26 MHz gave spectra that 
were completely first order. At this field strength, the tn-
fluorophosphine resonance showed a wide quartet of moderately 
wide triplets, whilst the triphenyiphosphine region gave a doublet 
coupling, equal in magnitude to the high frequency triplet coupling, 
and a narrow quartet coupling. These couplings were assigned to 
PF' 2J PP,and 3 JPF respectively. 
Retention of the proton couplings gave a narrow doubling of 
the trifluorophosphine region, and a blurring of the tniphenyl-
phosphine region, thus showing the presence of one hydride. 
The triplet and doublet splittings caused by 2 1 PP,were 
greater than those usually observed from 2 1 PP,cis across metal 
centres, yet less than those detected for 2 1 PP,trans. 
5.2 	The 19F n.m.r. spectra 
The 19F n.m.r. spectra were recorded only at one frequency: 
94.09 MHz, at the same field strength as the 31P n.m.r. spectra at 
































































molecule do not couple equally, giving rise to a second order 
spectrum, and this affects the 19F n.m.r. spectra such that it 
becomes second order as well. 
The majority of the signals show no distortion from the 
couplings one might reasonably expect, showing, in this case, a 
wide doublet (of the same size as the wide quartet seen in the 
high frequency 31  P and hence due to 1 pF with a moderate triplet 
coupling (due to 3 J pF  with a further, narrow doublet (assigned to 
3HF 	The remainder of the signal can be seen as small peaks 
interspersed between the lines due to the main resonance, and 
arranged symmetrically about the centre of the resonance. (See 
diagrams 5.2.A-1-B). 
5.3 	The 1H n.m.r. spectrum 
This was taken at 360.13 MHz, and showed only one hydridic 
proton resonance, the remaining resonances, to high frequency being 
due to the complex phenyl protons of triphenyiphosphine. The low 
frequency signal appeared as a multiplet of sharply defined lines 
with an intensity pattern approximating to 1:3:5: 8.:10:10:10: 1 8 :5:3:1. 
This pattern is not one of the commoner ones, but using the data 
obtained from Pt H}, 	P and F spectra simplified the analysis 
of the trace. 
The structure which gives the best fit to the data already 
obtained is: 
PPh 3 




















































































The carbonyl is assumed to be present in the molecule, on the 
following basis: there was no evolution of gaseous products, 
which implies that carbon monoxide remains bound to the iridium. 
The 31P n.m.r. data from the high frequency region of the high 
field spectrum indicated that the 31P nucleus was neither trans 
to the triphenylphosphine groups, nor orthogonal to these latter, 
yet two equivalent 31  P nuclei coupled to the PF3 31 P nucleus to 
give a moderately large triplet coupling. Knowing that iridium(I) 
species are reasonably stable in trigonal bipyramidal five-
coordination, the most reasonable relative location of the 
phosphorus nuclei is as given above. This structure gives good 
agreement with the data from the 19F n.m.r. spectra, if the 
second order effects are ignored. Applying the coupling 
31 	19 	 2 constants, found in P and F n.m.r. spectra for 	andHF 
it was possible to find 2HP (where P represents the high 
frequency signal). It was not possible to determine 
2JHP  from 31 P 
spectra, as the resonance of proton-coupled triphenyiphosphine was 
too broad to allow elucidation of this coupling. 
The easier way of visualising the intensity pattern 
derivation is as shown below. The different coupling constants 
for the various couplings bear a simple coincidental relationship 
to each other, in their magnitudes. The pattern would normally 
appear as a doublet of triplets of quartets, but the coincidental 
relationship, in which 2 	= 	3 x HF = x 
3 	















	 Intensities in brackets 
(1) 
	 refer to each level 
(-3) 
(1) 	 1(3) (3) 1" ( 
The 19F spectrum, with its deviations from a first order spectrum 
was easily recognizable, and was visible in most of the reactions 
of phosphorus difluoride materials used with the five-coordinate 
iridium(I) complex. In most cases, the fluorine signal was 
visible whilst the 31P{ 1H} n.m.r. signal was not. This phenomenon 
was probably due to the fact that the phosphorus bound directly to 
the fluorines gives very weak signals in many cases, and this 
problem may be due to inefficient relaxation of the 31P nucleus 
in the close presence of the 19F nuclei. The peaks in the 19 F 
spectrum were sharp and showed no sign of broadening, seeming to 
31 




The trifluorophosphine molecule has replaced one of the 
triphenylphosphine groups from the five-coordinate iridium(I) 
complex. The fact that this reaction was slow, in comparison to 
the other reactions investigated in this survey, may be a pointer 
to the mechanism of the process. The most natural pathway may be 
the pre-dissociation of triphenyiphosphine, with the subsequent 
replacement by trifluorophosphine. The idea of coordination of 
trifluorophosphine before elimination of triphenyiphosphine would 
indicate a twenty electron intermediate, which is unlikely, as the 
conditions of the reaction are fairly mild. It must be stressed 
that no iridium(III) species were detected at any stage. These 
latter would be produced from either orthometallation or cleavage 
of a P-F bond, but no Ir-F, or more than one Ir-H bonds could be 
detected. 
Although the structure and coordination of the presumed 
complex would indicate the possibility of fluxional behaviour, 
as is well known with HRh(CO) (PPh 3 ) 3 , the peaks remain sharp, 
indicating that no dissociative processes were in operation, 
despite the presence of free triphenylphosphine. If any 
structural fluxionality was active, then it was not detected 
With respect to the n.m.r. timescale) . This feature shows a 
contrast with HIr(PF 3 )- 4 26 in which all the PF 3 ligands behave 
in the same fashion at room temperature, thus implying a square 
pyramidal structure, or, more likely, a time-averaged fully 
fluxional species, but showing no tendency to cleave Ir-P bonds. 
The spectra, in this latter case, on cooling to 190 K show that 
a C 3 pyramidal structure is the best description, with three 
equivalent PF 3 groups, with the fourth cis to all the others. 
-193- 
No other species of general formula IrH(CO)(PPh3)(PF3) 
(x+y+z = 4) have been reported, so comparisons can not be made. 
It may be that one of such a series would have a marginally 
fluxional structure, on which studies into the bonding in these 
complexes could be made. 
SECTION 6 
The reactions of PF 2X with HIr(CO(PPh 3 ) 3 where X = Cl, Br, I 
Relatively little is known of the reactions of difluoro-
phosphine halides with complexes of iridium. That which is 
known concerns the compounds analogous to Vaska's complex, 
carbonylhalobis (triethylphosphine) iridium(I) and their reactions 
with difluorophosphine halides. (27)  In these reactions, a five-
coordinate intermediate species is detected at low temperatures, 
initially formed by donation of the phosphorus lone pair of 
electrons to the iridium. This new species, when warmed, 
rearranged by oxidative addition of the P-X bond to give a 
six-coordinate species with a terminal PF 2 group and a second 
halide, both directly bound to the metal centre. The four-coordinate 
iridium(I) complexes are sixteen electron species, which, on 
coordination of the difluorophosphine halide, become eighteen 
electron systems. 
The complex hydridocarbonyltris (triphenylphosphine) iridium(I) 
is already an eighteen electron species, and clearly one would not 
expect coordination of PF 2X to the starting material to be 
energetically plausible. 
6.1 	The 31P n.m.r. spectra 
The reactions were carried out, initially, in toluene, in 
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an attempt to provide a direct comparison of the reactions with 
the aforementioned study of simple silyl and germyl species. 
It rapidly became apparent that the choice of toluene for the 
solvent was a poor one, because while the starting material has 
a limited solubility in toluene, the products of the reaction 
were less soluble. The triphenyiphosphine was recognised as 
translucent particles of solid, but an opaque solid was also 
observed as off-white particles. 
The reaction of PF 2X with HIr(CO) (PPh 3 ) 3 in dichloro-
methane was a little more helpful, as the starting complex was 
completely dissolved before the reaction took place, but a 
white precipitate rapidly formed at low temperature (183 K) 
which caused the spectral resolution to deteriorate. The only 
species detected at room temperature were uncomplexed triphenyl- 
phosphine and a small excess of the PF 2X which remained after the 
reaction. The low temperature spectrum, if taken very quickly 
after the solvent had melted, gave sharp definite signals in two 
regions. The high frequency resonances occurred at very high 
chemical shift, at 5+370; this signal, showing a wide triplet, 
assigned to 1 	i PF' s known to be indicative of a terminal PF 2 
group bound to a transition metal. No further coupling was 
visible, due to the noise caused by the precipitated solid. 
The lower frequency resonances, of the triphenyl 
phosphines, gave four distinct signals, which were due to 
(i) unreacted starting material, (ii) free triphenyiphosphine, 
(iii) the iridium(III) trisphosphine cation and (iv) a strong 
signal with a narrow quartet coupling. This lattermost 
signal could be also derived from a narrow doublet of triplets, 
in which the coupling constants were equal. This is very likely, 
as the data point resolution limit was reached in this case. 
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The use of chloroform as solvent gave the clearest 
spectra, as the product remained soluble long enough to permit 
3lrli 	19 
pi H and F n.m.r. spectra. The signals from these tubes 
were identical to those in dichloromethane (allowing for solvent 
shifts). In these reactions the spectra were somewhat clearer 
than the reactions in both toluene and dichloromethane, and it 
was possible to discern a narrow triplet coupling associated 
with the high frequency triplet; this narrow coupling was of the 
same magnitude as the narrow coupling seen in the triphenyl-
phosphine signal, thus confirming the structure of the complex 
as containing both a terminal PF 2 group and cis triphenyl-
phosphines. The solutions gave precipitates after varying 
periods of time, but the solutions remained clear, generally, 
for the first half hour after the solvent had melted. 
6.2 	The 19F n.m.r. spectra 
The 19F n.m.r. spectra were disappointing, as all 
samples gave a noisy background and peaks tended to be poorly 
defined. It was, however, possible, to obtain chemical shifts 
and 1JPF'S from the spectra. These values corresponded well with 
the hypothesis of terminal PF 2 species, characterized in 19F 
n.m.r. spectra by their chemical shifts of about -60 p.p.m. 
Other species detected included the product of the 
reaction of PF 3 with HIr(CO)(PPh 3 ) 3 (see section 5), and some 
free PF 3 ; species with smaller 1JPF'S? of about 800-900 Hz signified 
five or six coordinate phosphorus-fluorine species such as HPF 5 
6.3 	 1  H n.m.r. spectra 
Attempts to obtain good 1H n.m.r. spectra were badly 
affected by the poor resolution, caused by the solid precipitate. 
The reaction with PF 2 Br, however, on one occasion, gave a spectrum 
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which, although not good, did yield a chemical shift for a 
hydridic proton, at 6-10.93. The resonance was a poorly 
resolved peak with Only narrow splittings and thus was not 
trans to a 31  P nucleus. It seems likely that the hydride was 
trans to halogen, as those trans to carbonyl groups would be 
expected to resonate to higher frequency (at about -9.5). The 
resonance showed evidence of a narrow quartet splitting, which 
would probably be due to a triplet of doublets, the couplings 
being of the same magnitude, and thus give a value of 20 Hz 
for a cis 2  1 PH  and a cis 
6.4 	The n.m.r. spectra showed that one product from the 
reaction of PF 2 X with HIr(C0) (PPh 3 ) 3 contained a terminal PF2 
group cis to two triphenylphosphines which were mutually trans, 
and probably a halogen trans to a hydride. No evolution of gas 
was detected, so it seems likely that the complex contains a 
carbonyl group. The white or, in the case of the iodide, off 
white solid produced in the reaction was filtered off from the 
solution, under an atmosphere of nitrogen, and its infrared 
spectrum was recorded. 
The vibrational spectra from the solids, as mulls in 
nujol, gave bands at (a). 2,100 cm- 1 
11 (b) '\2,000 cm, (C) 820 cm-
and 750 cm 1 , and (d) 700 cm- 1. These peaks were assigned, 
respectively, to (a) Vco (b) VIH (c) VPF (asymmetric and 
symmetric) and (d) mono-substituted benzene rings. A small peak 
was also detected at 280 cm 	(with PF 2 C1) or 220 cm 	(with 
PF2Br) and assigned to V(Ir X)• If the solid produced in the 
reaction was responsible for the high frequency 31  P n.m.r. 
triplet, then it seems likely that the structure of species 
formed in the reaction is as shown below:- 
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TABLE 6 
nmr parameters for the reaction of PF3 with HIr (C0)(PPh 3 ) 3 
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8.3 374.6 —65.5 no 1094 9.3 no 5 5 10 
6.2 369.9 no —10.93 1107 7.1 (20) (20) nr nr 
1.5 364.0 —64.4 no 1106 7.2 no 0.2 0.2 0.2 
no = not observed 
nr = not released 
chemical shift given in ppm, correct to + 0.02 ppm 
chemical shift given in ppm, correct to ± 0.1 ppm 
coupling constant given in Hz, correct to + 1 Hz 
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The chloride has been placed as trans to the hydride, 
on the basis of the low frequency of the iridium-chloride stretch 
vibration. The bromide and iodide appear to have the same 
geometry, as the higher frequency regions of the vibrational 
spectra gave very similar patterns. 
SECTION 7 
The reactions of (PF 2 ) 2E with HIr(CO) (PPh 3 ) 3 where E = 0, S, Se 
The known chemistry of the reactions of (PF 2 ) 2 E with 
metal complexes is very limited, as the only reference to such 
complexes is in the formation of a (Ln)M(F 2POPF2 )M(Ln) linkage 
in solution (M = Cu, Fe; (Ln) = ((CO)n)). 28 	This complex was 
formed from a coupling reaction using (Ln)M(PF 2 X) and Cu 20 or 
AgMnO 4 as the oxidising agent. Although this complex was shown 
to be thermally stable, no information was given as to indicate 
its stability to aerial oxidation or hydrolysis. 
This binuclear species was formed by coupling the two 
phosphorus atoms after they had been coordinated to the metal. 
This method of constructing the new species would probably be 
inapplicable to the present iridium system, as it relies on 
the hydrolysis of a P-X bond, where X = Cl, Br, I. This, as 
noted earlier, is not possible, as the P-X bond is cleaved in 
the reaction of PF2 X with HIr(CO) (PPh 3 ) 3 , giving a terminal 
PF2 group. 
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It was hoped that the reactionof the bis(difluoro-
phosphino) chalcogenides with the five-coordinate iridium(I) 
complex would produce new species, and, possibly, a bridged 
complex. Unfortunately, the reactions studied here showed 
little consistent behaviour, so each will be considered 
separately. In the reactions with (PF 2 ) 20 and (PF2 ) 2 Se, 
severe decomposition of the fluorine phosphorus compounds 
was observed. 
7.1 	The reaction of (PF 2 ) 20 with HIr(CO) (PPh 3 ) 3 
No change was observed in the 31 1 P{ H} n.m.r. spectra 
between 183 K and 243 K. The spectrum showed a wide 1:2:1 
(complex) triplet to high frequency, corresponding to (PF 2 ) 20, 
and a singlet to lower frequency, due to HIr(CO) (PPh 3 ) 3 . 
A small amount of the cationic species H21r(CO) (PPh3)3+ was 
detected at 243 K, probably formed from hydrolysis products 
caused by moisture (the moisture may have originated from 
inadequately dried solvent). 
No further change was detected until 273 K, at which 
point the spectrum became quite complex. Species which could 
be identified from the 31P n.m.r. spectrum included the cationic 
species H2 1r(CO) (PPh 3 ) 3 , the trans isomer of the adduct of 
HPF 2O with HIr(CO) (PPh 3 ) 3 and a small amount of HIr(CO) (PF 3 ) (PPh 3 ) 2 , 
besides some uncoordinated PF 3 . No residual (PF 2 ) 2 0 was detected 
at 293 K. With all these species present, the triphenylphosphine 
region of the 31P n.m.r. spectrum became too confused to identify 
any further species. 
The 19F n.m.r. spectra showed that there were no new 
species in the sample, the signals coming from PF 3 , HIr(CO) (PPh 3 ) 2PF3, 
trans H 2 1r(CO) (PPh3 ) 2 PF 2 0 and a small amount of (PF 2 ) 2 0, which 
disappeared. at room temperature. 
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31 	19 As all the signals in both P and F n.m.r. spectra 
could be accounted for, it was deemed unnecessary to collect 
n.m.r. spectra. 
No new species were formed in this reaction, and the 
mode of decomposition of the phosphorus-fluorine compound 
indicated that whilst the decomposition was fairly clean, 
it probably did not involve the metal complex until break-down 
was complete. No evidence for bridged species was detected. 
7.2 	The reaction of (PF 2 ) 2 S with HIr(C0) (PPh 3 ) 3 
The reaction was observed, primarily, using 31P{ 1H} 
n.m.r. spectroscopy, and gave rather more interesting results 
than were obtained from the reaction with (PF 2 ) 20. At 183 K, 
a group of peaks appeared to very high frequency (above 350 ppm), 
indicating the presence of terminal PF 2 groups. Two wide, simple 
1:2:1 triplets were detected, with different 1  1 pF  values, thus 
indicating two different species with terminal PF 2 groups. A 
series of peaks was observed in the region 6.180 to. 570, the 
V 	 31 region typified by four coordinate M-PF 2E (E = S, Se) 	P nuclei. 
The number of these low intensity and broadened peaks made 
identification of known species difficult, whilst the complexity 
of the triphenyiphosphine resonances also hampered analysis. 
Warming the solution to 223 K caused a marked 
simplification of the 31P n.m.r. spectrum. The high frequency 
pattern showed that a rearrangement may have ocàurred, as one 
triplet increased in intensity at the expense of the other. 
This rearrangement process was also observed in the 570-)-5180 
region, where, again, one of the series of wide triplets decreased 
in intensity whilst another increased in intensity, and, this 
region became more sharply defined: each of these moderately high 
frequency triplets showed further structure. 
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The single resonance to very high frequency showed a 
narrow triplet structure whilst the PV  nucleus at moderately 
high frequency showed a narrow triplet structure with a 
narrower doublet coupling. 
The triphenylphosphine region was never very clear, 
as signals from the cationic species H 2 1r(CO) (PPh3 ) 3 , and a 
small amount of the cis isomer of the adduct of HPF 2 S with 
HIr(CO) (PPh 3 ) 3 were present and partly obscured the remainder 
of the triphenyiphosphine resonances. These resonances were 
due, no doubt, to a small amount of hydrolysis of the (PF 2 ) 2 S 
to give HPF2 S and, presumably some HPF2O. A new signal was, 
however, visible at 64.9, and could be assigned as either one 
species with two narrow doublet splittings, or as two 
resonances, each with a narrow doublet coupling. The spectra 
suffered from poor baselines, despite the reduction in the 
number of signals, and it is difficult to say whether small 
peaks seen amongst these doublets were due to yet more 
resonances, another coupling associated with the resonances 
or due to noise effects. It is tempting to assign all the 
new resonances to a single species, but the data collected 
from the spectra at this stage do not agree with a single 
structure. 
+ 
FPS 	 SPF2 	 PF2S 
Ph 3 P 	 H 	 PPh 3 	 PPh3 
OC 	Ir 
F 2 P 	 PPh3 	Ph3 P 	 PPh 3 	 PPh3 
C 	 C 	 PPh 3 
+HPF2 
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The three structures shown here each agree with part of 
the data, but none in toto. Several wide doublets were 
detected in the 19F n.m.r. spectra, but of these only two 
or three could be correlated with triplets observed in PC H} 
n.m.r. spectra. Two 19  F signals had 1  J PF  values agreeing with 
those found in the 31P n.m.r., but the signals, in each case, 
were broad and showed no structure. Other 19F signals showed 
a narrow triplet coupling, but could not be assigned to any 
signals observed in 31P n.m.r. These observations lead to 
conclusions which have a poor basis, although the general 
result observed of a complex decomposition process is shown by 
many doublets in the 19  F n.m.r., and a general noisiness in the 
31 P n.m.r. (This observation, in which both spectra were 
accumulated over a similar number of pulses, reflects the 
relative sensitivities of the two nuclei). 
Considering the difficulties encountered in solving 
n.m.r. for the reactions of HPF 2E with HIr(CO) (PPh 3 ) 3 , it was 
considered that 1  H n.m.r. in these cases would be of no or little 
use, and were not accumulated. 
Due to the inconsistencies noted in the foregoing account 
of the spectra, it is difficult to draw firm, consistent 
conclusions. It is clear that terminal PF2 groups and (S)PF2 
groups were both formed and were coordinated to the iridium. 
No sign of major decomposition of the fluorinated phosphorus 
compound was detected, and is probably related to the stability 
of sulphur compounds of this type with respect to the oxides 
(e.g. HPF 2 O vs. HPF 2 S). The 19F spectra were disappointing, 
in that many simple doublets were produced, thereby signifying 
that P-F bonds were remaining intact, yet very few of all the 
31 signals showed further coupling to other nuclei. The P 
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spectra gave the impression of an originally complicated system 
which later simplified, whilst the 19F n.m.r. spectra indicated 
wholesale decomposition. This is unfortunate, but the two sets 
of data seem to be irreconcilable. 
	
7.3 	The reaction of (PF 2 ) 2 Se with HIr(C0) (PPh 3 ) 3 
The 31P{ 1H} n.m.r. spectra of this system showed a close 
similarity to those from the analogous reaction with (PF 2 ) 2 S; 
the two very high frequency signals detected in this reaction 
gave the same chemical shifts and coupling constants as those 
from (PF2 ) 2 S. This seems to suggest that the species containing 
these terminal PF 2 groups are very similar. The remaining high 
frequency signal, while having a different chemical shift from 
that of its counterpart in the (PF 2 ) 2 S reaction, had a very 
similar coupling constant (1200 Hz). Considering the relatively 
high frequency of the resonance, it may be that these resonances 
(6268.8 in the (PF 2 ) 2 S reaction and 6294.3 for the (PF 2 ) 2 Se 
reaction) are due to M-E-PF 2 resonances, implying that a strict 
oxidative addition had occurred. The more typical position of 
M-PF2 (E) (E = S, Se) 31P resonances is about 130 p.p.m. to lower 
frequency, which regions, in both cases. showing lower intensity 
resonances. As the reaction mixture was warmed, however, the 
fluorine phosphorus part of the 31  P 1H n.m.r. spectrum gave 
signals due to PF3 and HIr(CO) (PPh 3 ) 2 PF3 , thereby signifying 
decomposition. 
7.4 	The series of reactions gave disappointing results, in 
that no firm conclusion with respect to definite products could 
be drawn, save that decomposition was a favoured process. The 
reactions gave signs of complex processes, which defied 
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elucidation through the technique of n.m.r. spectroscopy. 
The volatile compounds (PF 2 ) 2 E are quite prone to hydrolysis 
and oxidation, as residual moisture in the solvent (which, 
in some cases can never be said to be completely dry) would 
break up the molecules of (PF 2 ) 2E. 
Several products from the reaction are possible, as 
a complex with two cis triphenyiphosphines, a terminal PF 2 
group, and a PF 2 (E)/PF 2E group would be chiral, giving non 
equivalent fluorines (compare the reaction of HPF 2E with 
HIr(CO) (PPh3 ) 3 , Section 4). There. is the possible discovery 
of a M-E--P(III)F 2 group (albeit, at 213 K) and the well-known 
Michaelis-Arbuzov rearrangement to give M-P(V)F 2E, and possible 
isomeric species. It may be that some species have two 
terminal PF2 groups, while others have two PF 2 (E) groups. 
This seems unlikely, but still remains a possibility. 
The products of the initial processes do not appear 
to have much thermal stability and thus have to be handled 
carefully. To be able to form a theory of the mechanism of 
such processes is evidently not possible at the present. More 
useful results may be obtainable from a less crowded metal 
centre e.g. ClIr(CO) (PEt 3 ) 2 , on which other fluorine 
phosphorus systems have been covered. 
There are obviously many openings in this field, but 
a rather more thorough and careful study is required for 
future plans. Although no bridged species could be defined 
from the reactions, the possibility that they existed cannot 
be ruled out. It seems unlikely that they would have been 
formed, as the terminal PF 2 and the EP(III)F 2 species seemed 
to form so rapidly, but the lighter transition elements 




Nmr parameters from the reactions of HIr(C0)(PPh 3 ) 	with 	(PF2 ) 2 E, E = S, Se 
E 31a 31a ° 31a 	19Fa l 	b l 	b 	2 	 b 2 	 b 2 	b 	3 	b 
PF PF PP PP 'PP PF 
S 4.90 393.3 141.8 1077 1255 	10 32 12 	- 
S - 375.4 - 	- 1081 - - - - - 
S - - - 	6.50 - 1224 	- - - 	10.5 
S - - - 	—0.63 - 1244 	- - - - 
Se no 392.5 - 	- 1084 - 	- - - 	- 
Se no 375.9 - 	- 1089 - 	- - - 	- 
Se no 294.3 - 	- 1200 - 	- - - 	- 
P refers to tripheny1phosphie, P 1 refers to terminal PF 2 groups and 
P 	four coordinate P v 
Cmical shifts given in parts per million, for S 31 P, correct to ± 0.1 ppm, for F, correct to -4- 0.02 ppm 
Coupling constants given in Hz, correct to ± 1 Hz 
no: not observed 
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SECTION 8 
The reactions of HSiC1 3 and HSiF3 with HIr(CO) (PPh 3 ) 3 
The reactions of HPF 2E (E = 0, S 1 Se) in dichioromethane 
with HIr(CO)(PPh3 ) 3 produced, in the initial stages, the 
+ 
anionic species PF 2E as the counter ion to H 2 1r(CO) (PPh 3 ) 3 
In this respect HPF 2E behaved very similarly to the hydrogen 
halides, but, whereas the halide ion remained uncomplexed at 
all times in this study, the PF 2E reacted further with the 
iridium cation to give the neutral complexes mentioned in 
Section 4. It was hoped that the relatively basic five 
coordinate iridium(I) starting material would be capable of 
abstracting a proton -'from other small molecules to produce 
novel ionic species. 
Both trifluorosilicate(l-) 	and trichlorosilicate(l-) (30 
have been. detected, the former from gaseous photodetacbment of 
tetrafluorosilane, whilst the latter was produced from a low 
temperature proton abstraction from trichlorosilane by 
tn n-propylamine in acetonitrile solvent. 
Both the anionic species formed appeared to be reasonably 
stable, whilst the prevailing physical conditions were maintained. 
The trichloride species was not directly observed as the anion, 
the evidence for the presence of this anion being based on the 
formation of the tn n-propylarnmonium cation. It was hoped that 
the reaction of the five-coordinate iridium(I) complex with 
trifluorosilane and trichiorosilane would give the anions 
which could then be observed via 29  Sin.m.r. and Fn.m.r. 
spectroscopy. 
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8.1 	The reaction of trichiorosilane with HIr(CO) (PPh 3 ) 3 
The 31P{ 1H} n.rn.r. spectra from the reaction of trichioro-
silane with the five-coordinate iridium(I) complex in dichioro-
methane gave, as the major product, signals from an iridium(III) 
bisphosphine adduct. This species gave an AB quartet, resonating 
to slightly higher frequency than the signals from the cation 
+ 
H2 1r(CO) (PPh3 ) 3 , which was present to only a small extent. Free 
triphenyiphosphine was also produced as a by-product. The 




Ph 3 / 
this is the same form as the major products of the reactions of 
SiH3 X with HIr(CO) (PPh 3 ) 3 (where X = H, F, Cl, Br, I, CH 31  SiH3 ). 
Repeating the experiment at very low temperature (183 K) 
indicated that the reaction probably proceeded via the cation-
anion couple as the relative intensity of the cation, with 
respect to the cis adduct, was greater at these temperatures 
than at ambient temperature. The initial reaction was found 
to be significantly slower at these temperatures, as the 
signal due to HIr(CO)(PPh 3 ) 3 did not disappear until the 
reaction reached 233 K. 
It was fairly clear that the SiC1 3 anion was formed, 
but also proved to be quite reactive, thus exhibiting a fairly 
short lifetime. It seems unlikely that 29  Sidata could be 
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obtained, to prove directly the existence of 5iC1 3 , in view 
of its short lifetime. 
Attempts to increase the concentration of the ionic 
species proved to be futile, as the products contained no more 
than 20% of the cationic species (as compared by 31P n.m.r. 
signals) at any stage of the process, and, when high 
concentrations of the reactants were used, the product 
precipitated out of solution at low temperatures. When the 
reaction was left at room temperature for more than half an 
hour, a white precipitate formed in the tube, which was shown 
to be the neutral adduct, as spectra of the solution gave only 
weak signals of the Ir(III) complex, compared with the residues 
+ 
of HIr(C0) (PPh 3 ) 3 and H2 1r(C0) (PPh 3 ) 3 . Proton n.m.r. data 
were not collected, as the only new species present was not 
soluble enough to give good spectra. The reaction proved to 
be disappointing in that it seems unlikely that this is a good 
method of obtaining substantial concentrations of SiC1 3 ; 
again the proof that the species was present was real, but 
indirect. 
8.2 	The reaction of trifluorosjlane with HIr(CO) (PPh3 ) 3 
This experiment has been conducted previously by n.m.r. 
techniques, but this was in conjunction with other aspects of 
these molecules. The solvent used in this previous study was 
toluene, as in the study involving simple rnonohalo silyls and 
germyls, in which the product, H 2 1r(C0) (S1F 3 ) (PPh 3 ) 2 was soluble. 
The fluoro mono silanes are well known to disproportionate 
(except, of course, SiF4 ) and the total exclusion of SIF 4 from 
HSiF 3 is difficult. This impurity, however, presents no 
serious problem, as the reaction of SiF 4 with HIr(C0) (PPh3)3 
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has already been reported, and the iridium product was found 
+ 
to be H2 1r(C0)(PPh 3 ) 3 , with SiF5 as the counter ion. 
The reaction of a sample of HSiF3 in dichloromethane 
with HIr(C0) (PPh 3 ) 3 did not produce the hoped for ionic system 
as was obvious from the 31P{ 1u} n.m.r. spectrum. The reaction 
was slow to start, showing changes only at 233 K. A small 
amount of H21r(C0) (PPh3)3+ was produced, but it never exceeded 
31 
10% of the P signals; a peak at 6+9 was assigned to 
Ph3P+HF, produced from the reaction of HF with uncomplexed 
triphenylphosphine, a by product of the major reaction. The 
remainder of the P{ H} n.m.r. spectrum gave a series of lines, 
which would correspond to those recorded from the reaction in 
toluene, but the intensities of the lines and their respective 
coupling constants appear to be different. 
The 19 F n.m.r. spectrum showed that S±H 2F2 had been 
formed in the reaction and an intense broad signal was detected 
at 6-87 p.p.m., which corresponds with the value obtained from 
the reaction in toluene. 
The 1H n.m.r. spectrum was not taken, as the product 
of the reaction gave a white precipitate in dichioromethane. 
The product was taken to be all cis-H 2 1r(C0) (SiF3 ) (PPh 3 ) 2 , as 
in the previous study. 
8.3 	The ionic couple SiF 5 H2 1r(C0) (PPh3 ) 3 has been 
crystallized, and the structure published. (15) The stability 
of the cation, in the presence of non-coordinating anions is 
quite well known. However, the species is susceptible to 
nucleophilic attack, and it appears that the nucleophilicity 
of the anions SiC1 3 and SiF3 is enough to cause the formation 
of neutral complexes. Systems involving fluorides, particularly 
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TABLE 8 
Nmr parameters for the reaction of HIr(CQ)(pph) with SIHC1 
31 a 	 31 a 	2 	b 	 lb 
A B PAPB 
	
4.60 	 2.98 	 16.2 	 no 	cis configuration 
5.79 	 - 	 - 	 —11.1 	trans configuration 
no: not observed 
chemical shifts given in parts per million, correct to + 0.02 ppm 
coupling constants given in Hz, correct to + 0.1 Hz 
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multifluorinated species (excepting alkyl fluorides), tend to 
have complex chemistries, as the formation of HF from hydroxyl 
groups even from glass, is a strongly favoured process, and the 
HF then attacks the reactants, altering the projected reaction 
pathways. It may be that SiF 3 will not be discovered in polar 
solvents if the reaction is planned specifically to produce it; 
to date, it has only been discovered in gaseous environments. 
Again, the systems proved to be disappointing. 
SECTION 9 
The reactions of difluorophosphinepseudohalides with 
HIr(CO)(PPk 3 ) 3 (i.e. PF 2 (CN), PF2 (NCO), PF 2 (NCS) 'and PF2 (NCSe)] 
The reactions of the difluorophosphinopseudohalides have 
been largely unconsidered. The majority of the available data 
referring to these compounds is in connection with structural 
parameters, mainly concerned with linearity of the "backbone" 
of the molecule (i.e. PCN, P-N-C-E; E = 0, S, Se). 
- One might expect these molecules to behave in a similar 
manner to the difluorophosphinohalides in their reactions towards 
transition metal complexes as CN, NCS and NCO are known to 
have similar stabilizing properties as the halide ions, at least, 
as far as the first period of the transition elements is concerned. 
As mentioned in an earlier section, the reactions of 
HIr(CO) (Pc 3 ) 3 with the difluorophosphine halides produced species 
of the form HIr(CO) (X) (PPn 	which proved to be very insoluble 
in chloroform and completely insoluble in methylene chloride. 
It was hoped that the difluorophosphinepseudohalides would 
give similar products and that these, if formed, would be more 
soluble in the solvents used. 
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9.1 	The Reactions 
As with all the previous reactions, these were monitored 
by 31P{1H} n.m.r. spectroscopy, gradually warming from 1831<. 
The reactions of PF 2CN, PF 2NCO and PF 2NCS proved to be rather 
disappointing, in that the 31P spectra showed that the 
majority of the fluorophosphine had decomposed to give PF 3 , 
which subsequently gave HIr(CO) (PVh 3 ) 2PF 3 . This was confirmed 
when 19F n.m.r. spectra were obtained. No accounting for the 
pseudohalide fragment was possible, as the triphenylphosphine 
region showed the resonances of the PF 3 complex, a small amount 
of H2 1r(CO) (P 3 ) 3 , a little remaining HIr(CO) (ffit3 ) 3 and free 
triphenylphosphine. 
These observations were disappointing, but reproducible, 
as repeated reactions showed identical behaviour. The complex 
HIr(CO) (PFi) 2PF 3 may well be formed in a different manner than 
by coordinating already-formed trifluorophosphine. The basis for 
this arises from a reaction with a large excess (3:1) of PF 2NCO 
to the five-coordinate iridium complex. In this reaction, 
very little free PF 3 was detected, as the unreacted PF 2NCO 
was visible as a large intense triplet, but the metal complexes 
visible showed only H 2 1r(CO) (P) 3 and HIr(CO) (PPn3 ) 2 PF 3 . 
[The presence of the cationic species is probably due to 
hydrolysis products from the fluorophosphine, caused by 
residual moisture in the solvent]. It appears that the 
disproportionation process is dependent on the metal, and is 
not of a catalytic nature, as the excess PF 2NCO was unaffected. 
9.2 	The reaction with PF 2NCSe was quite different from those 
of its higher homologues in that no PF 3 nor any HIr(CO) (PPb3 ) 2 PF 3 
was detected. 
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The 31P{ 1H) n.ni.r. at low temperature showed two very. 
high frequency resonances at 183 K., both with a wide triplet 
coupling, in the region usually assigned to terminal PF2 groups. 
As the temperature was raised, one of the triplets increased in 
intensity at the expense of the other, indicating a rearrangement 
process, .so that by 223 K, Only one high frequency triplet was 
visible. On each line of these triplets, a further narrow 
triplet was detected. At this stage, the triphenylp.hosphine 
region showed a narrow doublet and a small amount of the 
+ 
cationic species H 2'Ir(CO) (PPh3 ) 3 , along with triphenylphosphine. 
The two narrow couplings in each resonance were very similar, and 
thus the two resonances were assigned to the same molecule. 
(See diagram 9.2.A). 
As the temperature of the reaction was further raised, the 
very high frequency signal decreased and finally disappeared at 
273 K. A new signal, to moderately high frequency was detected, 
which exhibited .a wide, triplet coupling, with a further narrow 
triplet splitting. This latter signal also showed small 
satellites when a long accumulation of data was observed, and 
with the chemical shift of +129.5, and the satellite coupling 
of 840 Hz, the new signal was recognized as a PF 2 Se group, the 
satellites arising from 7.6% 77  Se, giving 1 PSe 	Retention Of 
hydridic proton coupling showed an additional narrow doublet 
coupling of 13 Hz, thus signifying that the proton was cis to 
the PF 2Se group. 	(Diagrams 9.2.B-D). 
The 19 F n.m.r. spectra were not recorded at low temperature, 
due to a mechanical fault, but the room temperature spectrum 
showed a wide doublet of doublets of triplets; these couplings 
were assigned, respectively to 1 
 1 pF' 	HF 
and 3pF• The spectra 


























































































































































































































was not consistent, this was assigned to imperfect shimming. 
of the spectrometer field. Other signals were detected, 
including those due to HIr(CO) (PPh 3 ) 2PF3 , but none of these 
minor peaks exceeded 20% of the major resonance, described 
above. 	(Diagrams 9.2.E, 9.2.F). 
The 1  H n.m. r. spectrum agreed well with the assignments 
originating from the 31  P and 19F n.m.r. spectra. Apart from the 
intense peaks due to triphenyiphosphine and solvent (dichioro-
methane), Only one strong hydride resonance was visible. This 
signal appeared, on first inspection, as a binomial sextet, but 
closer inspection revealed further splittings in the peaks, and 
a more precise description of this resonance was that of a 
triplet of quartets. This assignation does not agree with 
the proposed structure, as the Only conceivable source of 
quartet signals arises from formation of PF 3 ; the resonance of 
HIr(C0) (PPh 3 ) 2PF 3 gave a quite different pattern. The most 
likely explanation of the pattern is that the quartet is in 
reality a doublet of triplets, in which the coupling constants 
are identical, with respect to the point to point resolution 
of the spectrum. These respective couplings, as a triplet of 
doublets of triplets were assigned to 
2 HP' 	HP and  UHF' 
with magnitudes of 13.1 Hz, 11.1 Hz and 11.1 Hz. (P represents 
the fluorinated phosphine). (Diagram 9.2.G). 
To provide a summary of the reaction, the diagram below 
shows the structure proposed for each species, with the 
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PF 2 NCSe 
31 
'5 P n.m.r. 
'5 19F 
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Nmr parameters for H Ir(CO)(CN)PF 2Se(pPh 3 ) 2 
8 31 pa 	631a 	
8 19Fa 	SHa 	1 
PF 
—1.4 	127.4 	—2.76 	—9.27 	1175.6 	840 
2 	b 2 	b 2 	b 3 	b 3 	b 
PP HP HP HF PF 
22 13.1 11.1 11.1 6.5 
chemical shifts given in parts per million, correct to ± 0.02 ppm, except for 
S31 P, which are correct to + 0.1 ppm 
coupling constants given in Hz, correct to + 0.1 Hz 
C: coupling constants correct to + 1 Hz 
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The n.m.r. spectra show that transfer of the selenium 
from the selenocyanate group to the fluorinated phosphorus occurs. 
It is probable that the process is intramolecular as a study of 
potassium selenocyanate in the presence of triphenyiphosphine 
in acetonitrile .solution showed that triphenyiphosphine selenide 
was rapidly formed. (31)  The signal for this selenide resonatS 
at 636.1 p.p.m., but, in this case, no signal was detected at 
this frequency, even though uncoordinated triphenylphosphine 
was present in solution at all times, after the original 
reaction had started. 
The behaviour of the selenium compound in comparison 
to the higher pseudohalides probably arises from the relative 
weakness of the C-Se bond. 
SOME CONCLUSIONS ON THE REACTIONS OF HIr(CO) (PPh 3 ) 3 
Various surveys have investigated some of the reactions 
of carbonyl hydrido tris triphenyiphosphine iridium(I) as both 
a heterogeneous, and, for the most part, a homogeneous catalyst. 
The majority of the processes involved have been hydrosilation, 
isomerization, and, probably most important, in hydroformylation 
of alkenes. Relatively few surveys have been conducted using 
n.m.r. spectroscopy, and in those reported, the solvent used 
was, in most cases, toluene. The reactions in this survey were 
initially conducted in toluene, but when the products from 
these reactions proved to be quite similar to the products 
obtained from the same reactions in dichioromethane, it was 
decided that the latter would be generally used. 
The more polar solvent is well known to stabilize ionic 
species, and the cation H2 1r(CO) (PPh 3 ) 3 was seen to figure 
prominently and consistently in these reactions. It may be 
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that the mechanism of the reactions is the same in both 
solvents, but the cation would probably be too short-lived in 
toluene solutions to give a visible resonance in 31 P spectra. 
In the reactions of HX with HIr(CO) (PPh 3 ) 3 , where X is 
a group capable of sustaining a negative charge, the ionic 
species were produced quite rapidly at fairly low temperature. 
Another interesting feature observed in these complexes 
is the relative solubilities of the products. The complexes 
formed from the reactions of HPF 2E, where E = 0, S, Se and of 
PF3 with HIr(CO) (PPh3 ) 3 were quite soluble in dichioromethane 
and chloroform, yet the complexes formed from PF 2X (X = Cl, Br, 
I) and HIr(C0) (PPh 3 ) 3 , in common with the products of the reactions 
of EPFX with YIr(CO) (PPh 3 ) 2 20 (E = 0, S; X, Y = Cl, Br) proved 
to be insoluble (after some time) in chloroform. The common 
factor between the two insoluble groups, which does not feature 
in the products which were solubk, is the presence of at least 
one metal-bound halogen. The dipole moments of the molecules, 
which property is influential in determining solubilities, is 
affected by replacing one or more hydrides with halides, yet 
none of a wide range of solvents would dissolve the halide 
complexes. It may be that the compounds are polymeric, but 
this would involve halogen bridging, and coordination numbers 
at iridium greater than six. 
One of the least expected yet most interesting reactions 
was that of PF 2NCSe with the iridium(I) complex. This difluoro-
phosphine pseudohalide behaved differently from the lighter 
members of the series, in that a straightforward oxidative 
addition across the metal was observed, with the cleavage of 
the phosphorus-nitrogen bond, presumably to form a terminal PF 2 
group and coordinated iso-selenocyanate. It seems odd that the 
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terminal PF2 is not produced with the cyanide, isocyanate or 
isothiocyanate, as these latter anionic groups are 
thermodynamically moce 	than selenocyanate (which has been 
known to deposit selenium from the solid potassium salt). It 
may be that the selenium has a weakening effect on the P-N bond, 
although it is not easy to understand why, as the difluoro-
phosphine pseudohalides have quite similar stabilities. 
Perhaps the most interesting aspect of the reaction was 
the apparent transfer of the selenium atom from the seleno-
cyanate group to the PF 2 grouping, to give a PF 2 Se ligand. 
This type of reaction (i.e. with PF 2NCSe) has not been performed 
previously, so there are no immediate precedents. The uptake of 
selenium by phosphorus dihalides is fairly well known, although 
only in one of these studies were 77 Sesatellites visible in the 
31 P{ H} n.m.r. spectra. 	Al these studies involved the use of 
elemental selenium, dissolved in carbon disulphide, whereas the 
present example transferred the selenium from one bivalent to 
another location in which it was bivalent. 
The shift of the selenium atom probably occurs via an 
intermolecular mechanism, as the reaction of KNCSe with triphenyl- 
31 phosphine in solution is known to give Ph 3PSe rapidly. The P 
chemical shift is 36.1, but this resonance was not detected here. 
The reaction of trifluorophosphine with the iridium complex 
showed some points of interest. It appears that the carbonyl 
group is more firmly bound to the metal than are the triphenyl-
phosphines, in spite of the carbonyl being trans to the hydride 
ligand. It may be that, with the trigonal arrangement of the 
triphenyiphosphines, the moderately large trans-effect of the 
triphenylphosphjnes labilize themselves sufficiently to allow 
exchange. One useful experiment which may give a better idea 
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of the reactions involved would be to use an excess, 4:1 of 
trifluorophosphine to the iridium(I) starting material. The 
results of such a reaction would show whether it was possible 
to replace any further triphenylphosphines, and if it was 
possible to displace the carbonyl group, to produce HIr(PF 3 ) 4 , 
as this latter complex is already known. 
-228— 
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CHAPTER 5 
Some Reactions of HRh(CO) (PPh3)3 
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SOME OF THE REACTIONS OF CARBONYLHYDRIDO TRIS (TRIPHENYLPHOSPHINE) 
DWAflTTTM ( T 'I 	 - 
.SECTION I 
INTRODUCTORY 
The complex carbonylhydridotris(triphenylphosphine) rhodium (I) (A), as 
is its iridium analogue, is highly catalytically activec The activity 
of the rhodium complex is, in many systems, higher than that of the 
iridium complex (2); this difference is probably associated with the 
generalisation that, for a pair of platinum metals in the same periodic 
group, the heavier element will be more stable in the higher of two 
oxidation states. For instance, Rh(I) is normally more stable than 
Rh(III), whilst Ir(III) is favoured with respect to Ir(I). (3) This 
explains the greater lability of intermediates involving R1II) in 
catalytic processes. Another case is found in the comparison of 
platinum and palladium; Pt(IV) is much stabler than Pd(IV) in analogous 
systems. (4) 
There are indications that the rhodium complex may not behave in the 
same way as the iridium complex, as reports have been published (5) in 
which various decomposition pathways have been recorded for the rhodium 
species in solution. Dissolution of (A) causes dissociation of one 
triphenylphosphine molecule, although the loss of phosphine is reported 
as being fairly slow. A survey of the exchange possibilities, with 
excess hydrogen and/or excess carbon monoxide present, shows the ready 
formation of various complexes, in one case producing a binuclear 
species. This survey was conducted to investigate the apparent loss in 
activity of the catalytic processes in solution. 
It therefore appears unlikely that a rhodium (III) carbonyihydrido tris-
phosphine cation would be stable, even in polar solvents, as the 
chemistry of the five-coordinate complex seems to be dominated by pre-
dissociation of a phosphine. 
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Very little work has been published concerning this starting material 
that does not involve catalysis. The non-catalytic publications that 
have appeared have concerned reactions with oxides and haloxides of 
nitrogen in which phosphines have been replaced by nitrogen or oxygen 
donor ligands. (6) 
The report concerning the stability of the rhodium complex (A) in 
solution postulates that the species formed in solution contains no 
hydride; after the dissociation of the phosphine, either 
orthometallation to one of the phenyl rings occurs, releasing hydrogen 
gas, or 	cLmerizatjon occurs, forming a Rh-Rh bond, again with loss of 
hydrogen, ie: 
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Reaction of hydrogen chloride with the solution produced 
RhC1(CO)(PPh3 ) 2  and hydrogen gas quantitatively; in dry conditions, 
reaction of DC1 with the intermediate gave a metal complex containg no 
deuterium These studies were conducted using infra red vibrational 
spectroscopy, mass spectroscopy, proton nmr and gravimetric and 
volumetric methods. 
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The Reactions, in general 
The choice of solvent is obviously a major factor involved in any 
liquid phase reaction, and particularly so in nuclear magnetic 
resonance studies. In a major study of the reactions of the iridium 
complex HIr(CO)(PPh3 ) 3 with simple silyl and germyl compounds, (10), 
toluene was used, as this solvent excluded the possibility of halogen 
exchange processes. Alternative solvents were unsuitable, as they 
either prevented low temperature studies (as benzene), contained 
halogens (as dichioromethane) or did not dissolve the complex without 
possible side reactions (as acetone). 
The rhodium analogue, however, is soluble only in benzene and 
chloroform; it is relatively very insoluble in dichioromethane and 
toluene, although reactions were attempted in all four solvents. The 
first few systems were studied both in toluene and in chloroform, the 
results obtained were apparently the same in each solvent, whereas the 
quality of the spectra obtained from the solutions in chloroform was 
much better. 
One feature, which proved to be frustrating, was the instability of any 
complex product above 243K. In all cases, above this temperature, the 
yellow colour of the material in the tube was rapidly replaced by a 
deep red colour ation, in which no solid was visible, but the 31  P fi  H 
nmr, at this stage, showed only free and exchanging tripheny1-phosp}rie. 
Another irritating feature of the spectra was the failure to observe 
RhH resonances directly, even when the presence of hydride ligands 
could be demonstrated, conclusively, from 31P spectra using partial 
decoupling. These experiments also show that the RhH chemical shift 
must be substantially different from, and ther(ore not hidden by, the 
triphenylphosphihe resonances. The complexes produced were generally 
not very soluble, and, if the structures of the products were similar 
to those found with the analogous iridium complex, it is conceivable 
that the hydride resonances would be weak and indistinct, even on the 
WH360 spectrometer. In other studies of triphenylphosph9le complexes of 
6-coordinated Rh, there was no such difficulty. (9) 
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A typical value of 1  J 	 for four-coordinated R  species is 110-150 
Hz. The unusually large value for the 	in the five coordinate 
species is probably due to the inequivalence of the bonding orbitals in 
the pseudo- D3h symmetry of the trtrial bipyramid. This geometry gives 
rise to a hybrid set of orbitals sp 3 d, in which the p orbital and d 2 
orbital lie along the three-fold axis. (2) If these two orbitals 
provide the bonding for the axial ligands to the metal, and do not 
contribute substantially to the trigonal planar metal-ligand bonds, 
then these latter, composed of s, p and py will each have 66.71/0 p_ 
character and 33.3% s-character. Although this is a relatively 
simple-minded view, and depends heavily on the non-interaction of the-  
two hybrid subsets, comparison with the percentage s character in d 6 
octahedral (d2  sp3  ; average %s 8 16.7) and d square-planar (dsp 2  
average %s = 25) geometries show that the magnitudes of the respective 
RhP values are in direct proportion to the percentage s-character in 
each of the metal-phosphine bonds (thus adhering to the proposal that 
the Fermi contact term is responsible for the majority of each coupling 
constant). (10) 
Some information can be obtained concerning the products of these 
reactions, but most of the inferences drawn from the data must be 
regarded with a certain degree of scepticism. In no case could any of 
the products be isolated. This section is bound to provoke many 
questions, and it is possible that most of these cannot be answered 
directly. 
The reactions will be considered in two main groups; firstly, those 
involving difluorophosphorus compounds, and, secondly, those involving 
silyl and germyl compounds. 
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SECTION 2 
REACTIONS OF FLUORINATED PHOSPHINE COMPOUNDS WITH HRh(co) (PPh 3 
As mentioned previously, relatively very little work has been performed 
previously using difluorophosphorus compounds with transition metal 
complexes. This section deals with two groups of compounds: (i) HPF 2E 
(E = 0, S, Se) and (ii) PF 2X (X = Cl, Br, I). 
With the iridium analogue, the first group of difluorophosphorus 
compounds gave clearly defined complexes, cis-cis-trans 
H21r(C0)(PF2E)(pph3 ) 2 via two intermediate stages as mentioned 
previously (chapter 3, section 4). The reactions of 
difluorophosphjnohaljdes with HIr(CO)(PPh 3 ) 3 gave i-iIr(CO)(PF2X)(pph3 ) 2 , 
which proved to be insoluble in all solvents attempted (chapter 3, 
section 6). A feature common to the reactions of HIr(CO)(Pph 3 ) with 
any protic material in dichloromethane or chloroform was the production 
of a cationic species, H 2Ir(CO)(PPh3 ), in which iridium can be 
considered as being in the formal oxidation state +3. The analogous 
rhodium cation has not been detected; indeed, it seems very unlikely 
that such a species would be stable in solution. 
21 
THE REACTIONS OF HPF 2E (E = 0, S, Se) WITH HRh(CO)(PPh 3 
The 31P {1H) nmr spectra of the solutions containing f-IPF 20 and HPF2Se 
yielded very little information, the PF 2E regions showing no signals 
above a high noise level, whilst the triphenyiphosphine region gave 
only weak resonances, which may have been due to complexes with cis 
triphenylphosphjne resonances. 
1 
No H spectra were recorded for either of these reactions, as it was 
considered that no useful information would be obtained. 
The reaction with F-IPF2S, however, gave spectra which, although rather 
confusing, yielded more information. 
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31 f1H)The P 	spectra showed peaks in two regions: the low frequency 
resonances from the triphenylphosphine groups, and the weak high 
frequency signals that indicated metal-bound PF 2S groups. 
The high frequency signal appeared as a wide triplet of doublets of 
narrow triplets, this pattern seemingly arising from 1 1 1 
PF' 	RhP and 
i PP respectively. The triphenylphosphine resonances showed some 
residual starting material and free triphenylphosphine, as well as a 
signal showing two doublet couplings (of 93 Hz and 107 Hz) and a narrow 
triplet coupling of 21 Hz. These splittings were assigned to 1 1Rhp' 
i PP and 3PF respectively. The magnitude of J appears to be much
PP 
larger than would normally be expected, yet the coupling appears in 
both regions of the spectra. Some attempts may be made to assign the 
structure of this species from the 31  P nmr spectra: the 1 	in the 
triphenylphosphine signal shows that rhodium is in its trivalent state 
and thus is probably oc-tahedrally coordinated. The ligands attached to 
the rhodium consist of two triphenyiphosphine ligands and one PF2S 
group and assuming that the carbonyl is still attached to the rhodium, 
the seemingly obvious choice of two hydride ligands complete the six 
coordinated complex. 
Attempts to obtain spectra in which the hydride couplings were retained 
gave poor results. The peaks became broad in all parts of the 
spectrum, even in the triphenylphosphine region, despite single 
frequency decoupling of the phenyl protons, thus showing the absence of 
1  
H trans to 31 P. 
The parameters obtained show some interesting features; the value of 
for the triphenylphosphine resonance of 93 Hz is typical of 
octahedral R 	, and the value of 144 Hz for the fluorinated 
phosphorus nucleus 1Rhp corresponds with Rh 	(in comparison with 
RhP values for fluorinated phosphines of 250 Hz). The parameter 2 
which would give most cause for concern is that of J of 107 Hz.PP 
This coupling was detected as a triplet in the high frequency region 
and as a doublet in the low frequency section of the 31 P f 1 HJ spectrum. 
This value appears to be anomalously high in comparison with other 
values of J cis across platinum metals, which are usually of thePP 
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order 20-35 Hz: this figure is not, however, unprecedented, as a value 
2 	 !lz) of J 
pp  cis across rhodium of 103.0 Hz has been recorded. This latter  
species was [h(cH COO)(PF ) ] , a binuclear Rh (I) complex, whereas the 
present species appears to be a mononuclear Rh 	complex, on the basis 
of the 1 RhP couplings. 
Attempts to obtain 1 H nmr spectra were disappointing, showing only two 
broad resonances in the hydride region. One resonance, atS-9.69, 
showing a quartet splitting of 14 Hz, was identified as residual 
HRh(CO)(PPh 3 ) 3 , whilst the other signal, at 6-14.73, showing no 
couplings, remained unassigned. If this peak was due to a rhodium 
phosphine complex it is difficult to explain why it was so broad, but 
its breadth may help to show why other resonances may have been missed. 
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TABLE 2.1. 
Nmr parameters from the reactions of HRh(CO) (PPh 3 with HPF2E (E = 0, 
S, Se) 
831 
P 	631 P' 	S"F 	1j 	 '1j. j- 
E = 0 	38.00 	no 	no 	no 	100 	no 	19 	no 
E = S 
	
	26.96 	194.50 6.77* 1238 	93 	144 	107 	18 
-18.67/f 1238 (93) (144) (107) 
-15.28 1266 no 	no 	no 	no 
E = Se 	23.40 	no 	no 	no 	112.5 no 	no 	no 
'B values given in ppm; J values given in Hz, no = not observed 
c,3l 	 (49 0 p correct to + 0.06 ppm, 	F correct to .j 0.03 ppm 
PP,'RhP correc 
* J 	13 J 
RhF 	' 	PF 
RhF 39; 
3 
 1 PF 
t to + 1.2 Hz, J 
PF  correct to t 0.5 Hz 
20,measured from 19F spectra 
19 




 F nmr spectra, on the other hand, showed several wide doublets, 
these being due to several 1 1 values. Two of these resonances had
PF 
the same magnitude of 1  1 as was found in the high frequency resonancePF 
of the 	P Hj nmr spectra. One of these resonances (centred on - 
66.87) exhibited a narrow triplet and a further narrow doublet coupling, 
the triplet coupling, of 20 Hz, corresponding to the narrow triplet 
coupling observed in the triphenyiphosphirie region of the 31  P f  H 
spectrum, and was thus assigned to 3PF• The doublet coupling of 13 Hz 
may be caused by either 	, or 
3 
 J trans. Considering that three 
bond interactions are variable, it seems that either coupling may be 
responsible. The peaks were broad, however, and it may be that small 
couplings (below 3 Hz) would not be resolved. It is quite likely that 
some couplings in this system are very small, as 1 1 
RhH  in the starting 
material is known to be less than 1 Hz even under conditions of high 
resolution 9b)  
The second species with 'PF of 1238 Hz also exhibited narrower 
couplings, again a triplet and a doublet, but these splittings of 25 Hz 
and 39 Hz, were larger than those in the above species. The resolution 
of this signal was worse than that for the previous resonance. 
The remainder of the spectrum showed several poorly-defined doublets, 
in which some structure was evident, but could not be assigned to any 
particular spin system. 
The various spectra posed several questions concerning the structure of 
the complex formed. Perhaps the most disturbing feature was the 
inability to obtain clear information with respect to the supposed 




) 	 2 The P nmr spectra gave an apparent value for 	cis of 107 Hz.PP 
The orientation is assumed to be cis, from the data of the high 
frequency region, but the magnitude of the coupling appears to be more 
indicative of a trigonal system (cf HIr(C0)(PPh3 ) 2 PF3 , chapter 3, 
section 5). A structure with the PF 2S group trans to a 
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triphenyiphosphine group is not possible as the triphenyiphosphines in 
the molecule are equivalent (on the basis of both regions of the 31  P 
spectra). 
If a trigonal bipyrarnidal structure is to be considered, then the two 
axial groups must either be both univalent or both zero valent, as any 
other combination of valencies would lead to a paramagnetic species or 
a thermodynamically unstable species. The paramagnetic species would 
be instantly recognised, as the paramagnetic relaxation of the nuclei 
would lead to very broad peaks; besides, Rh(II) is known to be unstable 
under mild conditions, (3) as in this reaction. The value for 
found in the triphenyiphosphine region, 93 Hz, appears to indicate 
the lack of good 1H nmr data renders the assignment of three 
univalent ligands open to doubt. It is possible that chloride 
abstraction from the solvent has occurred, although the techniques used 
in this observation cannot prove this suggestion. Alternative 
possibilities for this product complex are shown below:- 
M3 ] 	H [B] 




Species [A] corresponds to the thermodynamic product, assuming that the 
rhodium reaction occurs in an exactly analogous fashion to the iridium 
reaction (see chapter 3, section 4). The evidence for this species 
appears to be unsound, as no clear 1H nmr signal was obtained. Species 
[s] would explain the apparently anomalously large 1  1 cis, but,
PP 31 
without the expected wide doublet in the P proton-coupled spectrum, 
(which would be due to 1J, yet was not seen), the species would give 
a paramagnetic signal, and no clear 31  P nmr spectrum. An attempt was 
made to observe the esr spectrum of a sample, but no signal could be 
detected. Species {c] , in which hydride replacement by chloride from 
the solvent is assumed to have occurred, would seem to give the best 
fit to the data, although no reason for the high 2  1 cis is apparent.PP 
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Another alternative is trans (CO)Rh(PF 2S)(pph3 ) , which would lend 
1 weight to the argument explaining the value of J although J 	forPP 
the triphenyiphosphine signifies a Rh 	complex. 
One feature, which may be a very important factor in the determination 
of the causes of the anomalous couplings, is the nature of the bonding 
of the PF2S group. Two extreme electronic forms can be expected for a 
metal PF2S linkage, as mentioned in the platinum section. 
It is unfortunate that the species is neither thermally stable nor 
present in a pure state, thus rendering isolation and crystallisation 
of the complex impossible. It is quite likely that the complex was 
H2Rh(CO).(PF2S)(PPh3 ) 2  despite the failure to observe RhH resonances. 
The quality of the spectra was not good. It is possible, and quite 
probable, that several minor species were present, although the high 
noise levels caused any low intensity peaks to be obliterated. The 19F 
nmr spectra were not quite as badly affected by this problem as were 
the 
31
P nmr spectra, as several species were detected. No further 
consideration of these, however, was possible, as the 31P nmr spectra 
gave clear signals for only one Rh(PF 2 )(PPh3 ) type complex. 
The poor quality of the spectra was caused by the low solubility of 
various species in the solution the five coordinate starting material 
was quite soluble in chloroform, but inspection of the solution after 
reaction had started showed that some material had come out of the 
solution. 
The contrast between the reactions of I-IPF 2E with HIr(CO)(PPh3 ) 3 and 
with HRh(CO)(pPh3 ) 3  is quite marked, as the only dubious point arising 
from the iridium reactions was the questionable stability of some of 
the species in the reactions with HPF2O. The largest discrepancy was 
in the reactions with }-IPF2Se. With the iridium complex, the 
trisphosphine dihydride iridium (III) cation and PF2Se-  were produced, 
and, shown to be quite stable at low temperatures. Warming the same 
caused the iridium (iii) cation to react with the anion to give the cis 
form of H21r(CO)(PF2Se)(PPh3 ) 2 , which subsequently isomerised to give 
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the trans molecule. The reaction with the rhodium (I) complex gave 
very little information regardiflwell defined complexes and resulted in 
the breakdown of the rhodium compounds at ambient temperatures. The 
31 
only detected P resonance was a broad signal, resonating at the same 
frequency as uncomplexed triphenyiphosphine. An attempt to record an 
epr spectrum gave no signal, thus eliminating Rh and Rh(0)species it 
is possible that the resulting complexes contained rhodium chloride 
species, the halogens being abstracted from the solvent. This 
conclusion was drawn from the deep red colour of the solution, and, 
indeed all the warmed solutions of the rhodium complexes in chloroform. 
These observations suggest that the complexes have totally dissociated 
at these temperaturgs4 this might have been expected of rhodium 
complexes, as rhodium is known to be labile in its coordinaton 
chemistry. That the decomposition should be so complete is surprising, 
particularly as triphenyl phosphine is a fairly strong ligand, but the 
best one can say is that exchange of bound and free triphenylphosphine 
is occurring. Whether the rhodium has retained its carbonyl group is 
open to question, but as many rhodium carbonyl complexes are known, 
this may be unlikely. 
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SECTION 22 
The Reactions of HRh(CO)(PPh 3 with PF2X (X = Cl, Br, I) 
These reactions, like those of HIr(CO)(PPh 3 ) 3 , were shown to be very 
dependent on the solvent used. Of the common solvents available, only 
dichloromethane and chloroform gave sufficient amounts of dissolved 
species to give good spectra. The spectra obtained from reactions in 
either solvent gave very similar patterns, suggesting that any 
solute-solvent interactions were identical in either case. No 
clearly-defined complexes were produced in any of the reactions, but 
several quite interesting spectra were forthcoming. 
22.1The Reaction of PF2I with HRh(CO)(PPh 3 in cLichloromethane 
The spectra suffered somewhat from the low solubility of the starting 
complex at low temperatures. The resulting spectra were fairly noisy, 
but peaks were well enough defined to give chemical shifts and 
coupling constants. 
The 31pi?1  nmr spectra at the lowest temperature (183K) showed 
several species, the low frequency region showed free 
triphenylphosphine and a complex-appearing group of peaks which were 
assigned to unspecified trivalent rhodium phosphine species, as the 
pattern showed a coupling of 92-93 H7-,,between the peaks, but no 
further assignment was possible from the first spectrum. The 
resonance due to HPF2O (presumably formed from hydrolysis of PF 2I by 
moisture in the solvent) was also detected. The high frequency region 
showed unreacted PF2I, and some weaker resonances which may have been 
due to Rh-PF 2 species. A different spectrum from the same reaction 
tube, was obtained after aging the solution at 183K for an hour. A 
signal to very high frequency was detected (at 6413 ), with a wide 
triplet coupling of 1063 Hz, signifying a terminal FF 2 group. The 
wide couplings assigned to 1FF' and a further narrow, poorly-defined 
coupling of about 15 Hz was assigned to 2  1 	 from the rough triplet- 
like appearance. This splitting was also seen in the low frequency 
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region of the spectrum, where the major signal was a doublet of narrow 
triplets; the J 	 coupling of this resonance, 117 Hz appeared to RhP 	
1 	( 
signify a square planar Rh species, which would seem to contradict. 
the evidence from the remainder of the spectrum, unless the molecule 
had reductively eliminated hydrogen iodide. One rather disturbing 
feature was the apparent lack of 
1 
 J 	 in the high frequency signal.RhP 
The 31p(1H1 spectra of the reaction mixture at 211K showed yet further 
changes. The high frequency region showed a wide triplet resonance, 
at 6 108.6, a chemical shift typical of 4-coordinated P III ; the wide 
coupling, of 1364 Hz, was assigned to 
1PF'  the chemical shift and 
coupling constant almost certainly signifying M-PF 2X. The chemical 
shift seems rather low for coordinated PF 2I; the value is more like 
that found for coordinated PF2C1. It is possible that the PF 2 group 
had extracted chloride from the solvent. Retention of proton coupling 
caused the signal to be split by a small doublet coupling of 19 Hz; it 
seems likely that this is due to hydride cis to the fluorinated 
phosphorus. Again, no sign of 'RhP was visible despite the presence 
of a narrow triplet coupling of 19 Hz (in the absence of hydride 
coupling), assigned to 
2 
 J cis. The proton coupled 31 P spectrum, inPP 
the high frequency region, gave an apparent quartet, due to the 
coincidental equality of 2  J cis, and 	the pattern was seen toPP 
be a triplet of doublets. 
The 19F nmr spectra gave a wide doublet of 1364 Hz, but no further 
structure was associated with this resonance. Several other wide 
doublet signals were visible, with chemical shifts quite similar to 
that of the first doublet, and some of these latter signals showed 
further structure. 
The 1H nmr spectra obtained showed no new hydride signals. The 
spectra recorded from the reactions gave rather confusing and 
apparently self-contradictory conclusions. The behaviour of the 
system is not well-defined or reproducible under these conditions of 
observation. 
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The Reactions of PF2Br and PF2C1 with HRh(CO)(PPh 3 in chloroform 
These reactions are conducted in chloroform in the hope of producing 
clearer spectra than those from the reaction of PF 2I with 
HRh(C0)(PPh3 ) 3 in dichioromethane. These reactions, in common with 
the reaction of PF 2I with the Rh (I)  complex, led to decomposition of 
all the species in solution if the solution was warmed above 253K. 
Thus, isolation of the complexes formed and determination of the 
intra-red spectra was not possible; specificali3designed apparatus 
would have been needed. 
Reactions with PF2C1 and PF2Br gave similar PF 2 (high frequency 31p[1H 
nmr) regions, and the triphenyiphosphine regions in the 31P[H) rimr 
spectra of both reactions were complex. 
Z2 The Reaction of HRh(CO)(PPh 3 with PF2C1 in chloro. form 
31 Ill The 	P j, HJ nmr spectra gave two groups of signals, the high- 
frequency resonances pertaining to the fluorinated phosphines, and the 
lower-frequency group due to the triphenylphosphine species. 
The low temperature spectra gave, in the high-frequency region, a wide 
triplet of moderate doublets of narrow triplets. The respective 
couplings, of 1328 Hz, 308 Hz and 44 Hz were assigned to LJPF,1 hP 
and 	The chemical shift of 6151.67 and the large value of J PF 
appeared to identify the 
31 
 P as belonging to a 4-coordinate P III  
species, or, more specifically, M4—PF 2C1. Comparison of the 31P 
parameters with those recorded from the reaction of XRh(CO)(PEt 
(i1) 32 
with PF 2X gave quite close correlation. These species, which gave 
much clearer spectra, were shown to incorporate a molecule in which 
the PF X had coordinatively added to the rhodium, to give a five- 
(1) coordinated Rh species. 
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The parameters of the products of the reaction described here imply 
that these have structures analogous to those found for PF2X and 
Rh(CO)X(PEt3 ) 2 , (ii) since 2  1 	 tallies with 2 1 	 found for thePP 
triethylphosphine species (44 Hz for PPh 3 ; 42 Hz for PEt 3 ). 
1 The triphenylphosphine region of the 31  P 11 HI spectrum was, however, 
much more difficult to unravel. Two Rh' species were evident, one of 
these showing only one doublet coupling, presumably 1 
 1 RhP 
The values for 1RhP of 146 Hz and 112 Hz showed that the 
metal in each case was univalent, probably as a five-coordinated and a 
four-coordinated species respectively. On careful examination of the 
spectra, a triplet coupling of 44 Hz was detected in association with 
(I) the peaks assigned to the five-coordinate Rh species. This seems to 
correlate with signals dtected in the high frequency region, where a 
coupling of 44 Hz was also detected. 
Most of the remaining triphenylphosphjne 31P resonances showed 
structure, but it is likely that second order effects were present, 
due to the proximity of these signals to the high-frequency signals 
(this implies that further rhodium-triphenyl phosphine-difluoririated 
phosphorous complexes were present). This is reminiscent of the low-
field nmr spectra of EiIr(CO)(PPh 3 ) 2PF3 , chapter 3 section 5. 
As the temperature of the reaction mixture was raised, the contents 
first showed a product wherein the high frequency signal showed a wide 
triplet with three widish (ie 200-300 Hz) doublet couplings. The 
low-frequency multiplets showed that second order effects were quite 
marked in the resonance, as the separations between the different 
components of the multiplets were not constant. A further wide 
triplet signal was also observed but this resonance was broad in 
comparison to the other signals detected, and showed no resolved 
structure. This resonance became the dominant signal in the high 
frequency region of the spectrum as the temperature was further 
raised. The triphenyiphosphine region became quite complicated and 
because of the uncertainty of the origins of the fluorinated 




 F nmr spectra of the system, in the earlier stages, gave a wide 
doublet, each half of which consisted of a doublet of doublets of 
triplets. The respective coupling constants were measured as 1374 Hz, 
40 Hz, 30 Hz and 15 Hz (roughly), and were assigned to 1  
2 	3 	3 
HF and 
	Due to coincidence of some of the lines, the 
appearance of each multiplet was rather more complex than might have 
been expected. 
Attempts to obtain proton spectra in the hydride region were 














It is possible that the structure is fluxional, giving an average 
signal. 
The absence of good 1H nmr data was annoying although not 
unprecedented (cf reactions of I-!PF2O, HPF2Se with HRh(COXPPh3 ) 3 ). The 
use of partial proton decoupling gave no further help, as the high 
frequency 31 P resonances became broad, implying the presence of 
rhodium hydrides in at least one of the several species present in the 
reaction mixture at warmer temperatures (— 243K), but also implying 
that no hydride was trans to PF2C1. 
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2,2.3 The Reaction of PF2Br with HRh(CO)(PPh 3 in chloroform 
31 	 19 	1 The P nmr spectra were recorded prior to the F and H nmr spectra. 
31 (1 
H
) The 	P 	nmr spectra were similar, at low temperature (213K), to 
those obtained from the reaction of PF2C1 with HRh(C0)(PPh3 ) 3 . The 
high frequency region showed a wide triplet i PF = 1155 Hz) of 
doublets 'Rhp = 158 Hz) of triplets ( 2J 	= 51 Hz) at 6150.6 ppm.PP 
The value of 
1PF  indicated that the fluorinated phosphine was not a 
PF2Br group; this latter species would be expected to show a 1  1 of
PF 
between 1330 and 1370 Hz, if coordinated to form a M-PF 2Br moiety 
(compare the reaction of PF 2C1 with HRh(C0)(PPh 3 ) 3 , where J was
PF 
found to be 1346 Hz in the product). The coupling constant could 
indicate that a coordinated PF2H species had been formed and further 
evidence to this conclusion was shown in the 1H spectrum of the 
species. 
The low frequency region of the 31P I'HI nmr soectrum. nnrrPRnnndina  
to the triphenylphosphine resonances, was more confused. The peaks 
appeared to show a series of overlapping doublets. The splittings 
could be analysed as a doublet of 90 Hz with a second doublet of 52 




RhP  of 	triphenylphosphine complexes of 90-92 
Hz. (9) 
It is possible that the resonances may be due to two similar 
molecules; this latter possibility seems to give a good explanation of 
the spectrum observed, in the light of the difficulty in explaining 
the presence of another spin I = Y nucleus. The doublet of 90 Hz can 
be confidently assigned to 1  1 
RhP  and one of the 52 Hz doublets is 
probably due to 2  1 between the triphenylphosphine P nuclei and aPp 
fluorinated 31P nucleus. If only one species were present the only 
other likely candidate for the last spin I = Y nucleus would be 
another 31 P nucleus, but if this were responsible, one could expect 
either (i) another high frequency signal (due to an additional 
fluorinated phosphine) or (ii) a more complex second order pattern in 
the low frequency region (due to another Ph3P group). The alternative 
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explanation for the group of signals is that two species are present: 
one doublet of doublets (splittings of 92 Hz and 52 Hz), and a doublet 
of 92 Hz offset by 52 Hz. In light of the absence of any second order 
effects, the case involving two separate molecules seems to be more 
compatible with the possible structures, from the spectral evidence. 
The ambiguities inherent in these deductions were not helped by the 
breadth of the peaks, which was about 15 Hz at half peak height; the 
line width was mirrored in the proton spectrum and the 19F nmr 
spectrum, although the high frequency 31 P spectrum was quite sharp 
(see above). 
The 19F nmr spectrum gave a strong signal, showing a wide doublet 
coupling with further narrow doublet coupling, of 1147 Hz and 52 Hz 
respectively. The assignments of these splittings was to 1  J and 
HF' one would expect J 
RhF'  if detected, to be about 20 Hz in these 
systems, but, as mentioned above, these peaks were fairly broad, and 
such a coupling may easily be obscured. Several low-intensity 
doublets (J' 48-51 Hz) were detected close to the bases of the main 
peaks. It is possible that they are connected with the main peaks, 
but the intensity of these peaks was, generally speaking, less than one 
would have expected from systems in which the isotopic abundances of 
the magnetically active nuc1i were 100%. The spectrum itself, 
however, was not of the best quality, and the slightly rounded nature 
of the peaks may have adversely affected the resolution of the lower 
intensity peaks of the resonances. The wider couplings of up to 400 
Hz, to both higher and lower frequency, outwith the main peaks,seem to 
originate from species similar to that giving the major resonances, 
but, due to the lack of symmetrical patterns, it appears that none of 
the weaker peaks were associated with the strongest signal. No 
assignment of these peaks was attempted, as no supporting data was 
evident from either 31 P or 'H spectra. 
The major signal gave J which correlated well with that derivedPF 
from the 31  P nmr spectrum, but the two groups of 311  P nmr resonances 
appeared to indicate that the high frequency nucleus was attached to a 
R W h complex, whilst the low frequency signals seemed to be associated 
(III) with Rh 	species, despite the apparent common feature of a 52 Hz 
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coupling. To rationalise this apparent paradox, it may be wiser to 
consider that the low frequency resonance date are more reliable, with 
respect to published data, and that the high frequency signal is the 
anomalous resonance. 
The 1H nmr spectrum of the reaction mixture gave no hydride 
resonances, the signals detected all resonating to high frequency of 
tetramethyl silane. The signals from the phenyl ring protons were 
confused, yielding no new information, but a signal to high frequency, 
at$ 11.95 , was recorded. The peaks were rather broad, thus obscuring 
any small couplings such as 
2RhH  or 2HF' but a wide doublet coupling 
of 537 Hz was noted. 
This data would support the formulation of the species as a Rh PHX - 
/ 	 2 
complex. The peaks almost certainly derive from a -H resonance, but 
the inability to determine either 2 1RhH or 	must surely cause some 
doubt here as to the exact structure. 
The simplest way of elucidating the structure of the molecules would 
be through a homonuclear 
31 
 P decoupling-observation spectrum. This 
was not performed, due to the poor quality of the samples available 
and the lack of suitable equipment,as with the other reactions of 
HRh(CO)(PPh 3 ) 3 described here, wholesale decomposition occurred above 
243K 
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Proposals for the molecular structure, which would account for most of 








PXYH 	 Ph3P h— 	PXYH 
C 	 x,YF 
0 
This molecule is derived by the expulsion of one triphenylphosphine 
molecule from the starting material concurrent with exchange of the 
halogen and the hydride and either concurrent or subsequent 
coordination of the fluorinated phosphine. The evidence appears to 
support and concerted process, since no terminal PF 2 31P nmr resonance 
was detected (as would have been shown by a peak to very high 
frequency in the 31P spectrum). A precedent for this reaction has 
been observed. 
2-3 
Some General Conclusions 
The reactions of the difluorophosphirie halides with the five-
coordinated rhodium complex gave disappointing and in some cases, 
inconsistent results. The problem, as far as identification of the 
final products was concerned, was made worse by the inability to 
obtain satisfactory 'H nmr spectra. It may well be that collection of 
good 1H nmr data from these systems would require much more stringent 
conditions than were used in this study. 
The difference in the proposed reactions of the difluorophosphirje 
halides with HRh(CO)(PPh3 ) 3 and HIr(COXPPh 3 ) 3 is quite marked, but it 
is possible to understand and explain the distinction in terms of the 
general reaction mechanisms observed for the two univalent complexes. 
The rhodium species is known to lose spontaneously one 
triphenyiphosphine group in solution, so that the reactive species 
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would be HRh(COXPPh3)2 as either a square planar complex or an 
isomeric binuclear species. (5) The five-coordinate iridium species 
is also known to behave in a similar manner, but to a lesser extent, 
and the major reactive species in this case might well be the five-
coordinate species. 
Similar reactions of the difluorophosphine halides with four-
coordinate phosphine rhodium(I) complçxes have been carried out, using 
31 (1) 	1 	19 	 () 
P H3, H and F nmr spectroscopy. The initial products, in these 
latter reactions, were shown to be five-coordinated complexes of the 
form XRh(CO)(PR3 ) 2 PF2Y (Y = Cl, Br, I; X = Cl, V. A similar series 
of reactions, using XIr(CO)(PR), gave five-coordinate IrW 
intermediates; while it seems that five-coordinated Rh W  species were 
produced from HRh(CO)(PPh 3 ) 3 with PF2Y, no such iridium complexes were 
detected from the reactions of PF 2Y with HIr(CO)(PPh 3 ) 3 . This feature 
may reflect the lower lability of the Ir-PPh 3 bond in this latter 
starting complex, as the common feature of these reactions producing 
five-coordinate species (other than the tris (triarylphosphine) 
complexes) is the presence or implied presence of a four-coordinate 
bis-phosphine complex. 
Some aspects of the present work which are a little unexpected relate 
to the absence, or surprisingly low values, of some coupling 
constants. This effect may be associated with unexpectedly large 
values for other coupling constants in the same species. The analysis 
of such a system as this one can be no more than tentative, but some 
hypotheses may be constructed from the evidence obtained. 
The reactions appear to be highly dependent on the homogeneity of the 
solution, and hence on the solvent. It may be that the reaction of 
PF2I with HRh(CO)(PPh 3 ) 3 in chloroform would have given similar 
results to those from the reactions of PF2C1 and PF2Br, but this was 
not explained. 
-252— 
The general reaction appears to be as below:— 
H 	 PP. X 
+ PF X 	Ph3? 	P P\ / 
R -PR 	>Rh—PcX 	/Rh 
Pn3P 	j pp 	I or Pk 3P / 
C 	
C 	 C 0 o a 
With the halide X as chloride, the reaction shows no further changes 
other than the usual decomposition, whilst with the bromide, a 
possible exchange with the hydride is noted. Whether this latter 
process can be authenticated is another problem, as is the question of 
its being a unimolecular process. If both of these postulat 	are 
correct, it is only the first which provides any serious questions: 
why should the chloride behave differently from the bromide? 
This problem may be answered in thermodynamic terms: Rh in these 
systems is proposed to be univalent and, the4ore, soft. Thus, RhH 
and PC1 might not react, since the PC1 bond is stronger than the PBr; 
RhH and PBr are more likely to give RhBr and PH than RhH and PC1 to 
give RhCl and PH. 
-253- 
TABLE 22 
Nmr parameters for the reactions of PF 2X with HRh(CO)(PPh 3 (X = Cl, 
Br, I) 
X 	91P SP' 
6 19 
 F g 1j4 
TPP ' •1J- 
I 	32.8 108.6 -37.85 -14.3 117.0 n.o. n.r. 1359 14 
I 	 110.0 	-39.25 	 1359 
Br 32.1 	150.6 	-76.29 11.95* 90 	242 
	
51 	1155 	n. o. 
Cl 28.3 	101.2 	9.97# n.o. 	92 	308 
	
49 	1375 	15.5 
J values correct to + 1 Hz 
S values given in ppm, J values in Hz; 5 31P correct to + 0.2 ppm 
F correct to + 0.05 ppm, 61 H correct to + 0.1 ppm 
*i 	 = 538 Hz, due to PXYH, X, Y FPH 
RhF = 40 Hz, 3HF triphenylphosphine resonances particularly messy 
P1 represents fluorinated phosphorous 
n.o. Not observed 
n.r. Not resolved 
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SECTION 3 
The Reactions of MH3X with HRh(CO)(Pph 3  (M = Si; Ge; X = H, F, Cl, Br, 
I, CHLJ) 
The systems under consideration were intended to form a comparison with 
the well-known reactions of simple silyl and germyl compounds with 
HIr(CO)(PPh). (7) In these latter, the addition of the group IVB 
molecule was observed to occur via intermediate states before giving 
the thermodynamically stable product. It was shown that at low 
temperatures and in polar solvents (183K, in dichlorornethane), it was 
possible to detect the cationic species H 21r(CO)(PH3 ) 	with 
presumably, an anionic species, which in the example given, was assumed 
to derive from SiH3C1, ie SiH2C1. It is unlikely that this was a 
major synthetic route, as the concentration of the cation was never 









where the designations apply to the relative positions of the 
coordinated triphenyl phosphines. 
In most reactions with the iridium complex, the cis isomer was observed 
to be the major isomer present in the early stages, but, particularly 
when M = Ge, isomerizatjon to give the trans isomer occurred at later 
stages. The isomerization process for the products where M = Ge, X = 
I, was observed by 31 P (1) n mr spectroscopy. Generally, when M = Si, 
the final products comprised mostly of the cis isomer, whilst the trans 
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isomer predominated for the germyl complexes. A further variation was 
detected, in that the heavier halogens attached to the group lyE 
element led to a preference for the trans configuration, although this 
latter effect was of lesser magnitude than the difference between the 
group lyE elements. No simple explanation was proposed, as the 
tetravalent covalent radii of silicon and germanium are very similar, 
as are their electronegativities. (15) The reactions reported in 
chapter 3 section 4 of this thesis, those of HPF 2E (E = 0, S, Se) with 
HIr(C0)(PPh3 ) 3 , also showed kinetic preference for the cis isomer, 
whilst the trans former was thermodynamically stabler. Although there 
were variations in the product distributions as the chalcogen was 
changed, no trend was discernable, due to the anomalous behaviour of 
the oxide. 
Iridium and rhodium have similar electronegativities and similar ionic 
radii (la) (for the respective oxidation states), so, given the 
preference of rhodium for the univalent state and its greater lability 
(with respect to iridium) some insight into the stereochemical 
preferences of the silyl and germyl compounds may be gained. 
These influences, however, could not be clearly investigated, as will 
become evident. Certainly, no signs of any products with cis 
phosphines comparable to those seen in the iridium system were 
observed, as no second—order signals due to (ABX) systems were 
recorded. As might have been expected for the more labile R/R 
systems, no signal from a possible H 2RhC0)(PPh3 ) 3 cation was 
detected. In most cases, even in the polar chloroform solvent, a 
simple doublet was detected in the 31  P { lH} nmr spectrum, due to1JRhP 
The reaction mixtures, as with the reactions of I-fRh(CO)(PPh 3 ) 3 with 
PF2X or HPF2E (X = Cl, Br, I, E = 0, S, Se), showed, above 253 K, only 
signs of extensive decomposition. At these temperatures, only 
triphenylphosphine was seen in the 31P nmr spectra although it is 
likely that exchange processes were active, as the peaks were very 
broad. 
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A full series of the germyl halide reactions was investigated, but only 
a few silyl reactions were carried out. The reason for this treatment 
was based on the poor results from the germyl reactions and the 
apparent similarity of the products. 
3. 
The Reactions of 1-IRh(CO)(PPh 3 with germyl halides and germane 
3 - 1-1 
Reaction with germane 
This reaction was conducted in toluene , in an attempt to minimise the 
variations in conditions from the reactions with the iridium complex. 
When it became clear that using toluene as the solvent was 
unsatisfactory, due to the undissolved solids (largely unreacted 
starting complex and some of the liberated triphenyiphosphine), the 
reaction was repeated in chloroform. No substantial difference between 
the reaction was noticed, apart from the chemical shifts. 
The reaction commenced as soon as the solvent was melted (208K or 
thereabouts), with the appearance of a doublet in 31P ('H} at 837.19. 
The doublet coupling of 99 Hz was assigned to J RhP' and signified the 
presence of Rh 	, in comparison to the J 	of 158 Hz associated withRhP 
the Rh starting material. 
As the temperature of the reaction system was raised, the doublet 
signal (6 41.09 , 	= 153 Hz) due to the starting material decayed, 
leaving the signal due to the oxidatively added Rh 	product. Closer 
examination of the signal showed either a small doublet splitting on 
each peak or the presence of a second RhI) species, with the same 
RhP (with respect to the limits of resolution of the spectrometer). 
While it is difficult to explain the the coupling in terms of another 
312 	
31(11 spin I = i nucleus (no other peaks n P H spectra were detected) 
previous reactions have shown that the variation in J 	value3 for 
(114 	 RhP related Rh 	triphenyiphosphine species, is less than the resolution 
of the FT nmr spectrometer and thus may appear to have identical 
coupling constants. 
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At temperatures greater than 263K, the spectra became intolerably noisy 
and the contents of the reaction tube turned a deep red colour, thus 
indicating decomposition processes. The only signal detected at this 
stage was a very broad peak, centred at 6-5, and thus indicated exchange 
between complexed and free triphenyiphosphine. 
The proton spectra were never clear, but the signals detected occurred 
in two main regions. The higher frequency group (7.5) showed phenyl 
ring protons (from toluene, when used, and triphenylphosphine) in the 
region S7.5-6.5, and, in the case of chloroform solvent, a peak 
at S 7.3. The remainder of these resonances showed three peaks; one 
at 63.75 (with a triplet coupling of -.10 Hz) an intense singlet at 6 
3.15, and a complex group betweenl.3 and 1. This last group was 
probably due to some impurities, whilst the triplet and singlet were 
assigned to coordinated and free germane respectively. The triplet 
coupling was assigned to 3PH 
 (cis); there was no sign of 
2 
 1 RhH' 
although this is not surprising in the light of the very small value of 
RhH in HRh(C0)(PFh3 ) 3 (0-1 Hz) (16) and 2HGRh 
 in Rh(CO)(GeH3 ) 
H(PEt3 ) 2 . (9) 
The low frequency region of the spectra gave poorly defined peaks, in 
which no clear couplings were visible. The spectra in chloroform gave 
five resonances in the hydride region between 6'-7.'3 and-9.2, but the 
peaks had broad envelopes, and did not appear to be interrelated. The 
peaks in the hydride region from the toluene spectra were likewise 
poorly resolved, although only two resonances were visible, at6-8.51 
and -9.13. Both these resonances showed possible further splittings, 
although the couplings were confused with the noise levels. No 
assignments were possible, due to the lack of well-defined couplings; 
why the chloroform solution resonances should be so broad is not known. 
No cis isomer was detected; it is proposed that the species observed in 
the 31 P {'Hj spectra was:- 
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(Note the absence of 1H trans to 31 P) 
PPk3 
in spite of the 1  H data 
The Reaction of HRh(CO) (PPh 3 with germyl fluoride 
This reaction was conducted in toluene , rather than in chlorinated 
solvents, in order to minimise the possibility of halide exchange (a 
very strong possibility with germyl fluoride). 	(14) (17) The spectra 
obtained were generally poor, with a high noise level caused by 
undissolved solids in the solution. 
Two new signals were detected in the 31  P 11HJ spectra in addition to 
those from HRh(CO)(PPh3 ) 3 and eliminated triphenylphosphine. Both the 
new signals showed a doublet splitting of 92 Hz (due to 	again,RhP 
the resolution limit of the spectrometer could not distinguish the two. 
The two signals were differentiated by the narrow triplet coupling of 
21 Hz visible on the doublet resonance centred at 6 33.55, whilst the 
other doublet resonance, at 642.12 showed no further coupling. The 
triplet coupling could arise from 3 1 FGeRhP' due to two equivalent 
fluorines in a Rh-GeHF2 ligand. 
The GeHF2 group was probably produced not from impurity in the GeH 3F 
used (the sample was taken from a stock, whose purity was checked by 
infra-red vibrational spectroscopy both before and after taking the 
sample), but from a disproportionation process, also observed in other 
related systems. It is well known that silyl fluoride systems tend to 
disproportionate spontaneously, although the reactions are fairly slow, 





 F nmr spectrum was poorly resolved, but gave several signals 
between 5-175 andg-200. The strongest resonance showed some structure: 
a possible triplet coupling 	 3of 21 Hz assigned to J with shoulders
PP 
of 44 Hz from the central line, these shoulders being due possibly, to 
proton couplings or even spinning side bands. The signal gave no 
resolved coupling to rhodium, and the remaining signals appeared to 
bear no relationship to one another, being poorly reduced. 
The proton nrnr spectra were again poorly resolved and suffered from a 
high level of noise. The signals, apart from these due to 
triphenylphosphine and toluene, were a sharp doublet, at 65.3, 2HF 
30 Hz, assigned to free germyl fluoride, and a broad hump in the 
hydride region (6 =-7.85) in which no couplings were visible. 
The structure of the product is proposed to be as shown below, again, 
in spite of the poor proton spectra. 
F1F 	Rk 	PPh3 
HG J 
6 
The Reaction of germyl chloride with HRh(C0)(PPh 3 
31 	
(1Hj ) The 	P nmr spectra, were again, conducted in toluene , and gave 
three signals arising from rhodium phosphine complexes. Their coupling 
constants of 94 Hz in each case signified the presence of Rh nuclei. 
None of these species predominated at any temperature, until all sharp 
signals were lost in the usual decomposition at about 263K. No isomers 
with cis phosphines were detected. 
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The proton spectra were of poor quality, and the signals from the 
hydride region of the spectrum were weak. This latter section gave a 
low intensity noisy signal at6-9.6, with a quartet splitting, which was 
assigned to starting material. The remainder of the hydridic spectrum 
was seen to be featureless humps. 
The high frequency region bore a strong resemblance to that from the 
reaction with germane. The peaks atS2.l and between 86.5 and 8.2 were 
assigned to toluene and triphenylphosphine, whilst the peak at 8 4 .3 was 
associated with free germylchloride. A few weaker peaks were detected 
between 65 and 86 which, whilst appearing rather messy, did show some 
structure. The most promising of these peaks resonated at 65.9, and 
under closer resolution, showed a pseudo-quartet structure, although 
the distortions in the signal tend to favour a doublet of triplets. 
Accepting the latter analysis for this pattern, the doublet coupling of 
16 Hz was assigned to 2  Ij RhH' whilst the triplet splitting of 13 Hz was 
correlated with 	. No sign of any 3  1 splittings was visible, butPH 
neither was there any clear Rh 	hydride resonance. 
The conclusions to be drawn from the spectra are that although it 
appears that a Rh 	germyl-complex had formed, giving only one 
1 coordinated germyl group in 1H nmr spectra, yet the P f l H) nmr 
spectra seemed to indicate the presence of three new rhodium phosphine 
complexes. Obviously, with no hydride resonance analysis, essential 
data is not available and a firm analysis of the spectra is not 
possible. 
The Reaction of HRh(CO)(PPh 3 with germyl bromide 
The reaction was little studied, as the spectra in 31P ( 1 u1 nmr, whilst 
showing an almost identical pattern to that obtained from the reaction 
with germyl chloride, were rather weaker and noisier than the spectra 
from the chloride. Proton resonance spectra were considered to be of 
little use, due to the large amounts of solid visible in the reaction. 
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3-1.5 The Reaction of HRh(CO)(PPhwith germyl iodide 
The previous two reactions each produced more than one new 
species, as shown by solution 31 P nmr. In this case, the relative 
concentrations of the products were quite different. Two of the 
resonances, at 640.97 and S.33.19 (with 
1RhP  of 92 Hz and 95 Hz 
respectively) gave intense signals, whilst three other species, with 
RhP of about 90 Hz, were present in small amounts. It was assumed 
that these latter species were formed from impurities in the germyl 
starting material. Again, substantial amounts of solid were visible in 
the solution, thus making it impossible to obtain useful proton 
resonance spectra. 
32 Some General Conclusions on the Reactions of HRh(CO)(PPh 3 with simple 
germyl compounds 
This group of reactions, as with the previous sections of this chapter, 
proved to be disappointing. The major problem was due to the formation 
of insoluble materials in the reaction media at low temperatures, thus 
rendering proton data difficult to obtain (particularly as the products 
decomposed above 253K). 
Another frustrating feature was the production of more than one species 
in most cases, whose triphenyiphosphines were equivalent in every case, 
and therefore mutually trans. (It is possible that each 
triphenylphosphine was trans to a hydride, but in this case, proton 
spectra would show doublets, and proton coupled spectra would be second 
order; in no case were any second order effects detected), The 
immediate assumption is that the reactions tend to produce the species, 
which in the iridium system, are the thermodynamically favoured 
products, ie the trans isomers. 
One finds that in the reaction with germyl iodide, some of the 
unanswered questions are solved. The production of two major species 
is possibly due to two modes of addition by the germyl molecule: one, 
by the well known addition across a Ge-H bond, the other by the almost 
-262- 
unprecendented addition across the Ge-I bond. This latter route to the 
31 c formation of a new complex would also explain the higher 0 P of 40.47 
of one species, more than 7 ppm higher than the assumed isomeric 
species, as the more electronegative iodine atom is one bond closer to 
the 31P nuclei, and having a greater electron withdrawing effect. 
Attempts to observe the hydride resonances directly gave poor results; 
indirect methods gave ambiguous information. The 31P ['Hi nmr spectra 
were weak, probably because the products appeared to be not very 
soluble in the solvents used. Chloroform, when used, gave the best 
results (as regards species in solution), but discre tion had to be 
applied in interpreting the results, due to possible halogen exchanges. 
Noise decoupling of protons, when observing other nuclei, sharpens the 
resonance of the nuclei under surveillance; under conditions of partial 
decoupling, the effect on the observed peaks is an intermediate one, 
giving weaker, but more peaks than those in completely decoupled 
spectra. The effect of retaining the hydridic resonances whilst 
observing the 31 P nmr (and decoupling the phenyl protons) was to 
broaden and weaken the 31P signals, but no clear couplings could be 
detected. It seems certain that the products of these reactions 
contained metal hydrides, but for some unknown reason, the resonances 
were broadened and in one or two cases, not observed. The weak 
resonances may be due to inefficient relaxation of the hydride, but, as 
with other facets of this system, it seems that this is another of 
several unanswered questions. (Note, however, that the five-coordinate 
starting material is fluxional above 243K, whilst the iridium analogue 
appears to be stereochemically rigid up to 330K). 
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TABLE 3 , 1 
Nmr parameters for the reactions of GeH3X with HRh(cOpph) 
X = H, F, Cl, Br, I 
x 	EP 	61 !4..e) S 1 H / SF 	2JPW()  3JPF 
H 37.24 3.8 -8.3 	- 99 120 	- 
F 33.55 n.o. n.o. 	-117.9 93 n.o. 	20 
Cl 35.03 n.o. n.o. 	- 94 n.o. 	- 
Br 34.35 n.o. n.o. 	- 95 n.o. 	- 
I 40.47 n.o. n.o. 	- 92 n.o. 	- 
I 33.19 n.o. n.o. 	- 95 n.o. 	- 
values given in ppm, J values given in Hz 
values are correct to 0.04 ppm, 1H values are correct to 0.2 
ppm 
• 519F value is correct to 0.2 ppm 
no = not observed 
H' represents hydridic protons 
J values correct to.± 1 Hz 
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SECTION 33 
The reactions of silyl compounds with Hh(CO)(PPh 3 
Having had little success with germyl species in that the reactions 
reported gave no clean results and no sign of any possible cis isomers, 
it was hoped that the corresponding reactions with silyl compounds 
would give more interesting results. With the iridium analogue, 
HIr(CO)(PPh3 ) 3 , the simple silanes gave product distributions which 
favoured the cis isomer. In one or two cases, no trans isomer was 
produced at all, so it might have been hoped that some cis isomers 
might be produced with the rhodium species. 
As the germyl halides had proved to be so consistent (and 
unsatisfactory) it was felt that a more profitable survey would be 
obtained by using a wider range of X in SIH 3X. 
3.1 The reaction of silane with HRh(CO) (Ph3 ) 3 
This reaction was initially conducted in toluene, as with the iridium 
system, but the low temperature insolubility both of the starting 
material and of the free triphenylphosphine produced as a by-product 
drastically reduced with spectral resolution. The 31PH} nmr spectra 
showed that one product, with trans triphenyiphosphines, was initially 
produced, but a second signal appeared as the last of the starting 
material had been consumed. The resolution was so poor at this stage 
that the study of this particular reaction system was abandoned. 
At this point, it was decided to attempt the reaction using chloroform 
as the solvent. Although the rhodium starting complex is known to 
dissociate in this solvent, the dissociated reaction is slow, and thus 
would probably not compete with the reaction under investigation. The 
initial spectra gave identical results (excluding chemical shift 
differences due to changing the solvent) to those obtained from the 
toluene samples. Warming either reaction system to room temperature, 
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even for a short while, produced irreversible decomposition of the 
complexes, and a dramatic deepening in colour at about 263< . No good 
spectra could be obtained from any of these samples. 
The proton spectra of these reactions, at low temperature, were much 
clearer, a clear quartet appearing at-8.69 , with a coupling constant 
of 11.5 Hz (this signal was assigned to HRh(CO)(Ph 3 ) 3 ) while a fairly 
clear triplet at2.99 (J = 8.5 Hz) was allocated to a SiN 3 group cis 
to two equivalent phosphines. The remaining peaks at S 7-8 were taken 
to be due to triphenylphosphine, both bound and free. No Rh-H 
couplings were visible, but this fact appears to be in accordance with 




The assumed structure is, therefore:- 
N 
_SH3 ____ ,7, 
0c 
As in previous reactions, the hydride resonances appear to be very 
weak. 
3.3. ,2 The reaction of silyl chloride with HRh(CO) (Ph 3 
The reaction, as monitored by 31P(1H} nmr, proved to be very similar to 
the reactions of the heavier germyl halides in that peaks due to two 
(rii) 	 c Rh 	phosphine complexes were observed resonating at 37.75 and 
1 
30.83, with J 
RhP  of 94 and 83 Hz respectively. 
Again attempts to obtain proton spectra were foiled by the large 
amounts of undissolved solid in the solution. 
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The reaction of disilane with HRh(CO)(Ph 3 
This reaction gave rather more useful results, in that only one Rh(III)  
phosphine complex was detected in 31P 11HI nmr. The chemical shift and 
coupling constant were 833.70 and 93 Hz respectively. 
Only one hydride resonance was observed, at6-9.69: a quartet with a 
coupling constant of 13 Hz, assigned to unreacted HRh(CO)(Pk3 ) 3 . The 
remainder of the resonances fell in the rangeSO to €. The intense 
peaks at 68 -67 were assigned to free and coordinated triphenyl 
phosphine. The residue of the peaks were as listed below:- 
	
0.25 	Overlapping quartet and triplet, coupling 4.5 Hz 
0.9 	Triplet, coupling of 7 Hz 
6 1.3 	A broad singlet and two quartets 
S 1.8 	An intense doublet, coupling of 7 Hz 
S 3 to 3.5 Several apparently doublets, a narrow quartet with a 
coupling constant of 5 Hz 
6 4.7 	A singlet 
6 5 	 Two doublets 
6 5.3 	A singlet 
The proton spectrum was not easy to describe, nor was it easy to 
rationalise, apart from assigning some of the peaks between  3 and 65.3 
as silyl peaks. The doublets may have been due to JRhH'S, but this 
seems unlikely in the light of the results of the previous experiments. 
Certainly the apparently simple 31 P 	nmr spectrum does not 
correlate well with the complex 1H spectrum. 
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The reaction of methylsilane with Rh(CO)(PP ,ijt, 
In the reaction of methylsilane with HIr(CO)(PPh3 ) 3 , the sole iridium 
product was cis (CH 3SiH2 )(CO)IrH2 (PPhj). 
It was hoped that the corresponding reaction with the five-coordinated 
rhodium complex would produce a compound with cis triphenylphosphines. 
31  11  HI P 	I-f nmr spectra showed, however, that the sole product was a 
trans complex, giving a doublet at S32.26 with a coupling constant of 
85 Hz (which is rather lower than in the other reactions). 
The proton nmr spectra at 289K were noisy, with ill-defined peaks. The 
most noticeable features of the spectrum were (apart from 
triphenylphosphine and toluene) the resonance due to HRh(COXPPh 3 ) 3 at 13 
-9.25, 	14 Hz, and two peaks, one at g4.76 and the other atS4.25,HP 
assigned to -SiH 3 or -SiH2- resonances. 
A few peaks were visible, between GO and 54-, although due to the 
envelope of the toluene proton resonances coinciding in this region, 
their envelopes were distorted. One resonance, at 60.95, showed some 
structure, but the pattern was unsymmetrical, and thus probably arose 
from more than one species. 
All the peaks were poorly resolved, due, no doubt, to the solid in the 
solution, although it was possible to identify methylsilane resonances 
amongst the peaks. 
Clearly, the reactions involved here are complex, as with the reactions 
of the other silyl and germyl species considered. 
The reaction of HRh(CO)(PPh 3 with H
2  Se 
The iridium system provided the cationic species, H21r(CO)(PPh3) +3 ,  in 
the reaction with hydrogen selenide in dichloromethane solution. The 
analogous rhodium cation, H 2Rh(CO)(PPh3 )
9 
 had not been detected in any 
reaction in polar solvents, eg chloroform, and it was hoped that the 
anion hydrogen selenide might stabilize such a cation. 
31 	1 
The P [ H nmr spectra, however, gave n 
from a similar cation, as this would have 
Instead, a doublet was detected ( S29., 
assigned to H2Rh(SeH)(CO)(PPh3 ) 2 , and the 
triphenylphosphine. 
D signal which may have arisen 
given an AB 2X pattern. 
RhP = 93 Hz) which was 
signal due to free 
No proton spectra were recorded, because of previous difficulties with 
RhH spectra, and the production of solid matter at warmer temperatures. 





Nmr parameters for the reaction of SiH 3X and H2Se with HRh(CO)(PPh 3 
(x = H, Cl, SiH3 , Ch 
X 
311D 
JRhI.f JHp JHP 
H 33.45 3.02 -8.69 90 11 12 8 
Cl 37.75 n.o. n.o. 94 n.o. n.o. n.o. 
CH 30.98 n.o. n.o. 83 n.o. n.o. n.o. 
SiH3 33.71 5.3-3 n.o. 93 n.o. -•• •• 
(see text) 
CH  32.41 n.o. n.o. 84 n.o. n.o. n.o. 
H Se 	29.22 	n.o. 	n.e. 	93 	n.o. 	n.o. 	n.o. 
values in ppm, J values in Hz 
values correct to ± 0.05 ppm, 6 1H values correct to 0.05 ppm 
J values correct to . 1 Hz 
n.o. Not observed 
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SECTION 4 
The difference between the chemistry of HRh(C0)(PPh 3 ) 3 and that of 
HIr(COXPPh3 ) 3 was strikingly exhibited in the present comparative 
study. Rhodium is known to show a greater preference for the univalent 
state, with respect to the trivalent state than does iridium. Hence 
the Rh(III) complexes formed would be more labile than the respective 
IrI complexes. This aspect has been clearly shown, in that none of 
the trivalent products in the rhodium system were stable above 263K 
another example of this difference was shown by the presence of 
H21r(CO)(pph3 ) 3 in many of the reactions of HIr(COXPPh 3 ) 3 in 
dichloromethane, yet specific attempts to obtain H 2Rh(CO)(PPh3 ) 3 gave no 
success. 
This last feature may also have some bearing in the reactions of MH3X 
(M = Si, Ge; X = H, F, Cl, Br, I) with I-fIr(CO)(PPh3 ) 3 . With the 
rhodium system, no cis products were detected and, whilst none of the 
four coordinate complex HRh(C0(PPh 3 ) 2 was detected, it is well known 
that the Rh-p bonds in HRh(CO)(PPh 3 ) 3 are more labile than those in 
HIr(CO)(PPh3 ) 3 . It is possible that the cis adducts of the iridium 
complex involve all three of the triphenyiphosphiries, and thus would 
explain why no cis rhodium complexes were detected. 
Generally, the rhodium systems investigated here were rather messy. 
The starting complex was appreciably soluble only in chloroform 
(benzene was useless, as it precluded work below 279K) yet the 
solubility suffered at temperatures below 223K. The annoying feature 
of the system was the inability to obtain a high concentration of the 
required species, as decomposition UUally commenced at about 253K, 
and was highly advanced at 263K. 
Interesting species were detected, though, particularly in the 
reactions involving difluorophosphorus compounds, although the 
complexes did appear to give inconsistent results. To proceed further, 
and obtain clearer results, will inevitably involve very careful work, 
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possibly over extended periods of time, although the greatest problem 
is in finding a useful non-participative solvent, which would probably 
need to allow observation of. the species at temperatures below 223 X. 
It is, of course, possible that the problems incurred in this system 
will remain insurmountable, although some of the reactions would be 
tempting to repeat, considering the interest shown in silyl compounds 
of HIr(CO)(PPh3)3. 
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